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OBJECTS AND RULES 

OF 

THE ASSOCIATION- 


OBJECTS. 

The Association contemplates no interference with the ground occupied by 
other institutions. Its objects are, — ^To give a stronger impulse and a more 
systematic direction to scientific inquiry, — to promote the intercourse of those 
who cultivate Science in different parts of the British Empire, with one an- 
‘other and with foreign philosophers, — ^to obtain a more general attention to 
the objects of Science, and a removal of any disadvantages of a public kind 
which impede its progress. 

EULES. 

A3)l\tISSI0N OF ME30ERS AND ASSOCIATES. 

AH persons whojhave attended the first Meeting shall be entitled to be- 
come Members of the Association, upon subscribing an obligation to con- 
form to its Eules. 

The Eellows and Members of Chartered Literary and Philosophical So- 
cieties publishing Transactions, in the British Empire, shall be entitled, in 
like manner, to become Members of the Association. 

The Officers and Members of the Councils, or Managing Committees, of 
Philosophical Institutions, shall be entitled, in like manner, to become Mem- 
bers of the Association. 

All Members of a Philosophical Institution recommended by its Council 
or Managing Committee shaH be entitled, in like manner, to become Mem- 
bers of the Association. 

Persons not belonging to such Institutions shall ho elected by the Greneral 
Committee or Coimcil, to become Life Members of the Association, Annual 
Subscribers, or Associates for the year, subject to the approval of a Greneral 
Meeting, 

conrosiTioNS, subscriptions, and privileges. 

Life Members shall pay, on admission, the sum of Ten Pounds. They 
shall receive gratuitously the Eeports of the Association which may he pub- 
lished after the date of such payment. They arc eligible to all the offices 
of the Association. 

Annual Subscribers shall pay, on admission, the sum of Two Pounds, 
and in each following year the sum of One Pound. They shall receive 
gratuitously the Eeports of the Association for the year of their admission 
and for the years in which they continue to pay ivithout intermission their 
Annual Subscription. By omitting to pay this Subscription in any particu- 
lar year, Members of this class (Annual Subscribers) lose for that and all 
future years the privilege of receiving the volumes of the Association gratis : 
but they may resume their Membership and other privileges at any sub- 
sequent Meeting of the Association, paying on each such occasion the sum of 
One Pound. They are eligible to all the Offices of the Association. 

Associates for the year shall jjay on admission the sum of one Pound. 
They shall not receive gratuitously the Eeports of the Association, uor he 
eligible to servo on Committees, or to hold any office. 
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RULES OE THE ASSOCIATION. 


The AssociatioH consists of the following classes 

1. Life Members admitted from 1831 to 1845 inclusive, .who have paid 
on admission Live Pounds as a composition. 

2. Life Members who in 1846, or in subsequent years, have paid on ad- 
mission Ten Pounds as a composition. 

3. Annual Members admitted from 1831 to 1839 inclusive, subject to the 
payment of One Pound annually. [May resume their Membership after in- 
tei’mission of Annual Payment.] 

4. Annual Members admitted in any year since 1839, subject to the pay- 
ment of Two Pounds for the first year, and One Pound in each following 
year. [May resume their Membership after intermission of Annual Pay- 
ment.] 

5. Associates for the year, subject to the payment of One Pound. 

6. Corresponding Members nominated by the Council. 

And the Members and Associates -will be entitled to receive the annual 
volume of Eeporls, gratis^ or to purchase it at reduced (or Members^) prico^ 
according to the following specification', viz. : — 

1. Gratis . — Old Life Members who have paid Live Pounds as a compo- 

sition for Annual Payments, and previous to 1845 a further 
sum of Two Pounds as a Book Subscription, or, since 18455 a 
fiu’tlier sum of Five Pounds. 

ISTew Life Members who have paid Ten Pounds as a composition. 

Annual Members who have not intermitted their Annual Sub- 
scription. 

2. At reduced or Mcmherd^ Frices, viz. two-thirds of the Publication 

Prico. — Old Life Members who have paid Five Pounds as a 
composition for Annual Payments, but no further sum as a 
Book Subscription. 

Annual Members who have intermitted their Annual Subscription. 

Associates for the year. [Privilege confined to the volumo for 
that year only.] 

3. Members may purchase (for the purpose of completing their sots) any 

of the first seventeen volumes of Transactions of the Associa- 
iion, and of luliich more than 100 copies remain, at ono-third of 
the Publication Prico. Application to bo made (by letter) 'to 
Messrs. Taylor & Francis, lied Lion Court, Flooi St., London. 

Yolimies not claimed within two j'ears of the date of publication can only 
be issued by direction of the Council. 

Subscriptions shall be received by the Treasurer or Secretaries. 

MEETINOS. 

The Association shall meet annually, for one week, or longer. The place 
of each Meeting shall be ap]pointcd by the General Commiltco at the pre- 
vious Meeting ; and the Arrangements for it shall bo entrusted to the Officers 
of the Association. 

OEXERAL COMMITTEE. 

Tho General Committee shah sit during the week of the Mooting, or 
longer, to transact the business of the Association. It shall consist of tho 
following persons ; — 

1. Presidents and Officers for the present and x)receding years, with 
authors of Eeports in the Transactions of tho Association. 

2. Members who have communicated any Paper to a Philosophical Society, 
which has been printed in its Transactions, and which relates to such subjects 
as are taken into consideration at the Sectional Meetings of tho Association. 
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3. Office-bearers for the time being, or Delegates, altogether not exceed- 
ing three in number, from any Philosophical Society publishing Transactions. 

4. Office-bearers for the time being, or Delegates, not exceeding three, 
from Philosophical Institutions established in the jdace of Meeting, or in any 
place -where the Association has formerly met. 

5. Poreigners and other individuals whose assistance is desired, and who 
arc specially nominated in writing for the Meeting of the jear by the Presi- 
dent and General Secretaries. 

G. The Presidents, Vice-Presidents, and Secretaries of the Sections are 
ex’-ojffldo members of the General Committee for the time being. 

SECTIONAL COj\aiITTEES.| 

The General Committee shall appoint, at each Meeting, Committees, con- 
sisting severally of the Members most conversant with the several branches 
of Science, to advise together for the advancement thereof. 

The Committees shall report what subjects of investigation they would 
particularly recommend to be prosecuted diming the ensuing year, and 
brought under consideration at the next Meeting. 

The Committees shall recommend Reports on the state and progress of 
particular Sciences, to be drawn up from time to time by competent persons, 
for the information of the Annual Meetings. 

COMMITTEE OE RECOMMENDATIONS. 

Tho General Committee shall appoint at each Meeting a Committee, which 
shall receive and consider tho Recommendations of the Sectional Committees, 
and report to tho General Committee the measures which they would advise 
to be adopted for the advancement of Science. 

AU Recommendations of Grants of Money, Requests for Special Pce- 
searches, and Reports on Scientific Subjects, shall bo submitted to the Com- 
mittee of Recommendations, and not taken into consideration by the General 
Committee, unless previously recommended by the Commitioe of Recom- 
mendations. 

LOCAL COMMITTEES. 

Local Committees shall ho formed by tho Officers of the Association to 
assist in making arrangements for the Meetings. 

Local Committees shall have the power of adding to their numbers those 
Members of tho Association whoso assistance they may desire. 

OEEICBRS. 

A President, two or more Vice-Presidents, one or more Secretaries, and a 
Treasurer shall be annually aiipointed by the General Committee. 

OOUNCTL. 

In the intervals of the Meetings, the affairs of tho Association shall bo 
managed by a Council appointed by the General Committee. The Council 
may also assemble for tho despatch of business during the week of tho 
Meeting, 

PAPERS AND COMMUNICATIONS. 

The Author of any paper or communication shall bo at liberty to reserve 
his right of property therein. 

ACCOtTNTS, 

The Accounts of the Association shall bo audited annually, by Auditors 
appointed by the Meeting. 
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RESIDENTS AND SECRETARIES OF THE SECTIONS. 
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Presidents and Secretaries of the Sections of the Association. 


Date and Place. Presidents. Secretaries. 


MATHEMATICAL AND PHYSICAL SCIENCES. 


COMMITTEE OF SCTENCESj I. — MATHEMATICS AND OENERAI, FHrSICS. 

1832. Oxford Davies Oilbert, D.C.L., P.E.S.... Eev. H. Coddington. 

1833. Cambridge Sir D. Brewster, P.P-S Prof. Forbes. 

1834. Edinburgh Eev. W. Whowell, F.R.S Prof. Forbes, Prof. Lloyd. 


SECTION A. — ^MATHEMATICS AND PHYSICS. 

1835. Dublin Pev. Dr. Pobinson Prof. Sir W. P. Hamilton, Prof, 

Wheatstone. 

1836. Bristol Rev. William Whewell, P.P.S.... Prof. Forbes, W. S. Harris, F. W. 

Jerrard. 

1837. Liverpool ... Sir D. Brewster, F.P.S W. S. Harris, Rev. Prof. Powell, Prof, 

Stevelly. 

1838. Newcastle... Sir J. F. W. Herschel, Bart., Rev. Prof. Chevallier, Major Sabine, 

F.P.S. Prof. Stevelly. 

1839. Birminglmm Rev. Prof, Whowell, F.R.S J. D. Ohanco, W. Snow Harris, Prof. 

Stevelly. 

1840. Glasgow ... Prof. Forbes, F.R.S Rev. Dr. Forbes, Prof. Stevelly, Arch. 

Smith. 

1841. Plymouth... Rov. Prof. Lloyd, F.R.S, Prof. Stevelly. 

1842. Manchester Very Rev. G, Peacock, D.D., Prof. M‘Ciillooh, Prof. Stevelly, Rev. 

F.R.S. W. Scoresby. 

1843. Cork Prof MCnlloch, M.P.T.A J. Nott, Prof. Stevelly. 

1844. York The Earl of Rosse, F.R.S Pcv. Wm, Hey, Prof. Stevelly. 

1845. Cambridge. . The Very Rev. the Dean of Ely . Rev. H. Goodwin, Prof. Stevelly, G. 

G. Stokes. 

1846. Southampton Sir John F. W. Herschel, Bart., John Drew, Dr. Stevelly, G, G, 

F.R.S. Stokes. 

1847. Oxford Rev. Prof. Powell, M.A., F.R.S. . Rev. H. Price, Prof Stevelly, G. G. 

Stoke.s. 

1848. Swansea .... Lord Wrottesley, F.R.S Dr. Stevelly, G. G. Stokes. 

1840. Birmingham William Hopkins, F.R.S Prof. Stevelly, G. G. Stokes, W. 

Ridoiit Wills. 

1850. Edinburgh.. Prof. J. D. Forbes, F.B.S., Sec. W. J. Macquom Rankine, Prof 

R.S.E, Sniylh, Prof Stevelly, Prof. G. G. 

Slolces. 

1851. Ipswich Rev. W, Whewell, D.D., F.R.S., S. Jackson, W. J, Macquorn Ranldnc, 

<&c. Prof Stevelly, Prof. G. G. Stokes. 

1852. Belfast Prof W. Thomson, M.A., F.R.S. Prof Dixon, W. J. Maequorn Ran- 

L. & E, kine, Prof Stevelly, J. Tyndall. 

1853. Hull The Dean of Ely, F.R.S B. Blaydes Haworth, J. I). Sollitt, 

Prof Stevelly, J. Welsh. 

1854. Liverpool... Pi'of. G. G. Stokes, M.A., Sec,J. Hartnup, H. G. Puckle, Prof 

R.S. Stevelly, J. Tyndall, J. Welsh. 

1855. Glasgow ... Rev. Prof. Kelland, M,A., F.R.S. Rev. Dr. Forbes, Prof. D. Gray, Prof 

L. & E. Tyndall. 

1856. Cheltenham Rev. R, Walker, M, A., F,R,S. ... 0. Brooke, Rev. T. A. Southwood, 

Prof. Stevelly, Rev. J. C, Turnbull. 

1857. Dublin ...... Rev.T.R. Robinson, D.D.,F.R.S., Prof Curtis, Prof Hennessy, P. A. 

M. R.I.A, ‘ Ninnis, W. J. Macquorn Rankine, 

Prof Stevelly, 
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Seci’ctai’ics. 


Rey. S. Eavnsliaw, J. 1*. Ilotmcssy, 
Prof, Stcyelly, II. J. S. SmWh, Prof. 
Tyndall. 

1. P. IlGiinessy, Prof. Maxwell, IJ . eT. tS. 

Simili, Proi*. Stcvelly. 

Rey. G. C. Bell, Rer. T. RciinisoTi, 
Prof. Sievelly. 

Prof. R. B. Clifton, Prof. IP J. S. 

Smith, Prof. Sloyelly. 

Prof. R. B. Clifton, Prof, II. J. S. 

Smith, Prof Slevelly. 

Rey. N. Perrers, Pro!’. Fuller, F. iTen- 
Mii, Prof. Steyeliy, Rev, 0, T, 
Whitley. 

Prof. Fuller, F. Jenhin, Bov. G*. 

Bueldc, Prof. Stevelly. 

Rev. T. N. Hutchinson, F. Jonldn, G. 
S. Mathews, Prof. H. J. S. Smith, 
J. M. Wilson. 

Fleeining Jenkin, Prof. II. J*. )S, Smith, 
Rev. S. N. Swann, 

Rev. G. Baelclo, Prof. G. 0. Foster, 
Prof. Fuller, Prof Swan. 

Prof. G. 0. Foster, Rev. R. Harley, 
B. B. Hayward. 

Prof. G. C. Foster, B. B. Hayward, 
W. K. Clifford. 


CHEMICAL SCIENCE. 


COMITTEE OP SCIEKOES, II,~~CHEMISTlit, MlNEEALOai, 

1832. Oxford John Dalton, D.C.L., F.E.S Ijaines F. W. Johnston. 

1833. Cambridge.. John Dalton, D.O.L., F.Bi.S Prof. Miller. 

1834. Edinburgh... Dr. Hope ....jMr. Johnston, Dr. Cln*istison, 

SECIIOSr R. — CIIEMISXET AIST) SITNERALOGY, 

1835. Dublin Dr. T. Thomson, F.B.S Di’. Apjohn, Prof. Johnston, 

1830. Bristol ...... Rev. Prof Gumming Dr. Apjohn, Dr. C. Henry, W, Ilera- 

path. 

1837. Liverpool... Michael Faraday, F.R.S ,.,..Prof. Johnston, Prof. Miller, Dr. 

Reynolds. 

183$. Beweasfele... Rev. William Whcwcll, F.R.S,,.. Prof. Miller, B. L. Pattinson, Tliomas 

Bichardson. 

1839. Birmingham Prof. T. Graham, F.B.S. Golding Bird, M.D., Dr. J.B, TVIelson, 

1840. Glasgow ... Dr. Thomas Thomson, F.B.S. ... Dr. B, D. Thomson, Dr. T. Cdarlc, 

Dr. L. Playfair. 

1841. Plymouth.,. Dr. Dauheny, F.B.S J. Prkicaux, Robert Hunt, W, M. 

Tweedy. 

1842. Alanchester. John Dalton, D.C.L., F.B.S. Dr. L. Playfair, R. Hunt, J, Graham. 

1843. Cork Prof Apjohn, M.BJ,A R, Hunt, Dr. Sweeny. 

1844. York Prof. T. Graham, F.B.S Dr. R. Piajdair, E. Solly, T.H. Barker. 

1845. Cambridge.. Rot. Prof. Ouraming R. Hunt, J. P, Joule, Prof Miller, 

E. Solly. 

1846.Southampton Michael Faraday, D.C.L,, F,E.S. Dr. Miller, R. Hunt, W. Randall. 
1847. Oxford ...v,Rev.W.T.Harcourt,M,A.,F.R^S.B. C. Brodie, R. Hunt, Prof. Solly, 


Date and Place. 

Presidents. 

1858. Leeds 

Rev. \V,meiTell,D.D., V.P.E.S. 

1859. Aberdeen ... 

The Earl of Eo?so, M.A., K.P., 
R.ES. 

1860. Oxford 

Rev. R, Price, M.A., F.R.S 

1861. Manchester. 

(J. B. Au-y, M.A., D.C.l., F.R.S. 

1862. Cambridge.. 

Prof G. G. Stokes, M.A., F.R,S, 

1863. Newcastle,. , 

Prof W. J. Ma Rankine, 

C.E., F.R.S. 

1864. Bath 

Prof Cayley, M.A., F.R.S., 
RR-AS. 

1865. Birmingham 

W. Spottiswoode, M.A,, F.R.S., 
F.RA.S. 

1866. Nottingham 

Prof Wheatstone, D.C.L., F.R.S. 

1867. Dundee 

Prof Sir W. Thomson, D.C.L,, 
F.R.S. 

1868. Norwich ... 

Prof J. Tyndall, LL.D., F.R.S... 

1869. Exeter 

Prof J. J. Sylyester, LL.D., 


RR.S. 
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Date and Place. Presidents. Secretaries. 


1848. Swansea ... Richard Phillips, P.R.S P. II. Henry, R. Hunt, T. 'Williams. 

1849. Pirmingham John Percy, M.D., P.RS R. Hunt, G. Shaw. 

1850. Edinburgh Dr. Christison, y.P.R.S.E Dr. Anderson, R. Hunt, Dr. Wilson. 

1851. Ipswich ... Prof. Thomas Graham, P R.S. ... T. J. Pearsall, W. B. Ward. 

1852. Belfast Thomas Andrews, M.D., E.R.S. . Dr. Gladstone, Prof. Hodges, Prof. 

Ronalds. 

1853. Hull Prof. J. F. W. Johnston, M.A., H. S. Blundell, Prof. Pv. Hunt, T. J. 

F.R S. Pearsall. 

1854. Liverpool... Prof. W. A. Miller, M.D., F.R.S. Dr. Edwards, Dr. Gladstone, Dr, 

Price. 

1855. Glasgow ... Dr. Lyon Playfair, C.B., F.R.S. .Prof. Frankland, Dr. H. E. Roscoe, 

1856. Cheltenham Prof. B. 0. Brodie, F.R.S J. Horsley, P. J. Worsley, Prof, 

Voelcker. 

1857. Dublin Prof. Apjolni, M.D,, F.B.S., Dr. Davy, Dr. Gladstone, Prof, SuL 

M.R.I.A. livan. 

1858. Leeds Sir J. F. W, Hersehel, Bart., Dr. Gladstone, W. Odling, B. Bey- 

D.C.L. nolds. 

1859. Aberdeen . . . Dr. Lyon Playfair, C.B., F.B.S. . J. S. Brazier, Dr. Gladstone, G. D. 

Liveing, Dr. Odling. 

1860. Oxford Prof. B. 0. Brodie, F.E.S A. Vernon Harcourt, G. D. Liveing, 

A. B. Northcote. 

1861. Manchester . Prof. W. A. Miller, M.D., F.B.S. A. Vernon Harcourt, G. D. Liveing. 

1862. Cambridge . Prof. W. A. Miller, M.D., P.B.S. H. W. Elphinstone, W. Odling, Prof, 

Boscoc. 

1863. Newcastle... Dr. Alex. W. Williamson, F.B.S. Prof. Liveing, H. L. Pattinson, J, C. 

Stevenson. 

1864. Bath W. Odling, M.B., F.B.S., F.C.S. A. V. Harcourt, Prof. Liveing, B, 

Biggs. 

1865. Birmingham Prof. W. A. Miller, M.D.,V.P.B.S. A. V. Harcourt, H. Adkins, Prof, 

Wanklyn, A. Winkler Wills, 

1860. Nottingham H. Bence Jones, M.D., F.R.S. ... J, H. Atherton, Prof. Liveing, W. J. 

Bussell, J. White. 

1867, Dundee ... Prof. T. Anderson, M.D.,F.B.S.E. A. Crum Brown, Prof. G. D. Liveing, 

W. J. Bussell. 

1868. Norwich ... Prof.E .Frankland, F.B.S., F.C.S. Dr. A. Crum Brown, Dr. W. J. Bus- 

341, F. Sutton. 

1860. Exeter Dr. H. Debus, F.R.S., F.C.S. ... Prof. A. Crum Brown, M.D-, Dr. W, 

J, Bussell, Dr. Atkinson. 


GEOLOGICAL (and, unth 1851, GEOGBAPHICAL) SCIEI^rCE. 

committee op sciences, in. — GEOIOGY and GEOGBAPRY, 

1S32. Oxford B. L Murebison, F.B.S. ......... John Taylor. 

1833, Cambridge . G. B. Greenough, F.B.S W. Lonsdale, John Phillips. 

1834, Edinburgh - Prof. Jameson ..................... Prof. Phillips, OD. Jameson Torrie, 

Bev. J. Yates. 


SECTION C. — GEODOGY AND GEOGRAPHY. 

1835. Dublin IR. J. Griffith Captain Portloek, T. J. Torrio. 

1836. Bristol Rev. Dr. Biiekland, F.B.S. — Geo- William Sanders, S. Stutchbury, T. J.’ 

(jntfhj. B.I.Miu’chison,F.B.S. Torrie. 

1837. Liverpool... Rev.Prof. Sedgwick, F.B.S. — G'co- Captain Portloek, B. Hunter. — Gm- 

G.B.Groenough,F.B.S. Captain H. M. Denham, 

B.N. 

1838. Newcastle... C. Lyell, F.B.S., V.P.G.S, — "Geo-W. 0. Trevelyan, Capi. Portloek.— 

graphj. Lord Prudhope. Geography. Capt. Washington. 

1830, Birmingham Bev. Dr. Buckland, F.B.S.— Geo- George Lloyd, M.D., IL E. Strickland, 
gra^phy, G.B. Greenough, F.B.S, Charles Darwin, 
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W. J. Ilamilion, D. Milne, Hugh 
MuiTay, H. E. Strickland Jphii 
Scoular, M.D. 

W. J. Hamilton, Edward Moore, M.D., 
R. Hutton. 

E. W. Binnoy, R. Hutton, Hi*. R. 

Lloyd, H. E., Strickland., 

Francis M. Jennings, H. E. Stride- 
land. 

Prof._^Ansted, E.^H. Banbury. 

Rey. J. 0. Camming, A. 0. Ramsay, 
Rev, W. Thorp. 

Robert A. Austen, J. H. Norten, M.H., 
Prof. Oldham.— Hr. 0. 
T. Bekc.'] 

Prof. Ansted, ‘ Prof. Oldham, A. C. 

Ramsay, J. Ruskin. 

Starling Benson, Prof, Oldham, Prof. 
Ramsay. 

J. Beete Jukes, Prof. Oldliam, Prof. 
A. 0. Ramsay. 

A. Keith Johnston, Hugh Miller, Pro- 
fessor Nicol. 


SECTION c {continued). — geologt. 

1851. Ipswich ... William Hopkins, A1 A., F.R.S... C. J. F. Banbury, Gt. W. Ornicrod, 

Searles Wood. * 

1852. Belfast Lieut.-Col.Portlock,R.E., F.R.S. James Bryce, James MncAdam, Prof. 

M'Coy, Prof. Nicol. 

1853. Hull Prof. Sedgwick, F.R.S Prof. Harkness, William Lawton. 

1854. Liverpool .. Prof. Edward Forbes, F.R.S. ...John Cunningham, Prof. Harkiirss, 

G-. W. Ormcrod, J. \V. Woodall. 

1855. Gl-lasgow ... Sir E. I. Murchison, F.R.S James Bryce, Prof. Harkness, Prof. 

Kicol. 

1856. Cheltenham Prof. A. C. Ramsay, F.R.S Rev. P. B.Brodio,Rev. R. Hepworlh, 

Edward Hull, J, Scougall, T, Wright . 

1857. Hublin The Lord Talbot de Malaliide ... Prof. Harkness, Gilbert Sanders, Ro- 

bert II. Scott. 

1858. Leeds William Hopkins, M.A., LL.H., Prof. Nicol, H. 0. Sorby, E. W. 

F.R.S. Shaw. 

1859. Aberdeen... Sir Chai*les Lyell, LL.H., H.C.L., Prof. Harkness, Rov. J. Longiuuir, 11. 

F.R.S. a Sorby. 

1860. Oxford Rev. Prof. Sedgwick, LL.H., Prof. Harkness, Edward Hull, CVnii. 

F.R.S., F.a.S. Woodall. 

1861. Manchester Sir R. L Murcluson, H.C.L., Prof. Harkness, Edward Hull, T. Hu- 

LL.H., F.R.S., &c, pert Jones, G-. AV, Urmorod. 

1862. Cambridge J. Boeto J'ukes, M.A., F.R.S.. Lucas Barrett, Prof.T, Ruport Jones, 

H. 0. Sorby. 

1863. Newcastle... Prof. Warington, W. Smyth, E. F. Boyd, John Haglish, H. 0. Sor- 

F.R,S.,F.aS. by, Thomas Sopwith. 

1864. Bath Prof. J. Phillips, LL.H., F.R.S., W. B. Hawkins, J. Johnston, IL 0. 

F.C-.S. Sorby, W, Pongolly. 

* At the Meeting of the Gteueral Committee held in Edinburgh, it was agreed That- the 
subject of Geography be separated from Geology and combined with Ethnology, to consti- 
tute a separate Section, under the title of the “ Geographical and Ethnological Section,*’ 
for Presidents and Secretaries of which see page mi. 


Hate and Place. Presidents. 


1840. Glasgow ...Charles Lyell, P.R.S. — Geogra- 

fhj. G. B. Groenougli, P.R.S. 

1841. Plymouth . . H. T. He la Bcchc, F.R.S. 

1842. Alanchester R. 1. Murchison, F.R.S 

1843. Cork Richard E. Griffith, F.R.S., 

M.R.I.A. 

1844. York Henry Warburton, M.P., Pres. 

Geol. Soc. 

1845. Cambridge J. Rev. Prof. Sedgwick, M.A.,F.R.S. 

1846. Southampton LeonardHorner, F.R.S. — Geogra- 

fhy. G. B. Greenough, F.R.S. 

1847. Oxford Very Rev. Hr. Bnokland, F.R.S. 

1848. Swansea ...Sir H. T. He la Beehe, C.B., 

F.R.S. 

1849. Birmingham Sir Charles Lyell, F.R.S., F.G.S.^ 

1850. Edinburgh *jSir Roderick I. Murchison, F.R.S. 


Secretaries. 
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Date and Place. Presidents, Secretaries. 

1865. Birmingliam SirR. I. Murchison, Barfc.,KC.B. Rev. P. B. Brodie, J. Jones, Rev. E. 

Myers, H. C. Sorby, W. Pengelly. 

ISGG. NTottingham Prof. A.O. Ramsay, LL.D., P.R.S. R. Etheridge. W. Pengelly, T. Wil- 
son, G-. H. Wright. 

1867. Dundee Archibald Geikie, P.R.S., E.G.S. Edward Hull, W. Pengelly, Henry 

Woodward. 

18G8. Norwich ... R. A. G. Godwin- Austen, F.R.S., Rev. O. Fisher, Rev. J. Gunn, W. 

P.G.S. Pengelly, Rev. H. H. Winwood. 

1869. Exeter Prof. R. Harkness, P.R.S., P.G.S. W. Pengelly, W. Boyd Dawkins, Rev. 

H. H. Winwood. 


BIOLOGICAL SCIEFCES. 


COMMITTEE OP SCIENCES, IT. — ZOOIOOY, BOTANY, PHYSIOLOGY, ANATOMY. 

1832. Oxford Rev. P. B. Duncan, P.G.S Rev. Prof. J. S. Henslow. 

1833. Cambridge * Rev. W. L. P. Garnons, P.L.S.... C. 0. Babington, D. Don. 

1834. Edinburgh Prof. Graham W. Yarrell, Prof. Burnett. 

SECTION D. ZOOLOCT AND BOTANY. 

1835. Duhliii Dr. Allman J. Curtis, Dr. Litton. 

1830. Bristol Rev. Prof. Henslow J. Curtis, Prof, Don, Dr. Riley, S. 

Rootsey. 

1837. Liverpool.. W. S. MacLeay 0. 0. Babington, Rev. L. Jenyns, W. 

Swainson. 

1838. Newcastle... Sir W. Jardine, Bart J.E. Gray, Prof. Jones, R. Owen, Dr. 

Richardson. 

1839. Brimingham Prof. Owen, P.R.S. E. Forbes, W. Ick, R. Pattenson. 

1840. Glasgow ... Sir W. J. Hooker, LL.D Prof. W. Oouper, E. Forbes, R. Pat- 

terson. 

1841. Plymouth.., John Richardson, M.D.,F.R.S.. J. Couch, Dr. Lankester, R. Patterson. 

1842. Manchester Hon. and Very Rev. W. Herbert, Dr. Lankester, R. Pattenson, J. A. 

LL.D„ F.L.S. Turner. 

1843. Cork William Thompson, F.L.S G. J. Allman, Dr. Lankester, R. Pat- 

terson. 

1844. York Very Rev. The Deanof Manches- Prof. Allman, H. Goodsir, Dr. King, 

ter. Dr. Lankester. 

1845. Cambridge Rev. Prof. Hen.slow, P.L.S Dr. Lankester, T. Y. Wollaston. 

184G.Southampton Sir J. Richardson, M.D., F.R,S. Dr. Lanke.stor, T. V. Wollaston, H. 

Wooldridge. 

1847. Oxford H. E. Strickland, M, A., P.R.S.... Dr. Lankester, Dr. Melville, T. V, 

Wollaston. 

SECTION D (continued), — zoology and botany, including physiology. 

[For the Presidents and Secretaries of the Anatomical and Physiological Subsections 
and the toraporary Section E of Anatomy and Medicine, see pp. xxx, xxxi.] 

1848. Swansea ... L. W. Dillwyn, F.R.S Dr. R. Wilbrabam Falconer, A, Hen- 

frey, Dr. Lankester. 

1840. Birmingham William Spence, F.R.S Dr, Lankester, Dr. Russell. 

1850. Edinburgh. . Prof. Goodsir, F.R.S. L. &;E. ... Prof. J. H. Bennett, M.D., Dr. Lan- 

kester, Dr. Douglas Maclagan. 

1851. Ipswich Rev. Prof. Henslow, M.A., F.B,S. Prof. Allman, F. W. Johnston, Dr. E. 

Lankester, 

1852. Belfast W. Ogilby Dr. Dickie. Geoi'ge 0. Hyndman, Dr, 

Edwin Lankester. 

* At this Meeting Physiology and Anatomy were made a separate Committee, for 
Presidents and Secretaries of which see p. xxx. 
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Bate and Place. Presidents. Secretaries. 

1853. Hull C.O. Babington, M.A., HE-S.... Eoberfc Harrison, Dr, H Lanboster. 

1854. Liverpool ... Prof. Balfour, M.D., F.E.S Isaac Byerley, Dr. E. Lankestor. 

1855. Glasgow ... Ear. Dr. Fleemiiig, F.E.S.E. ... William ICecldio, Dr. Lankcster. 

1850. Cheltenham, Thomas Bell, F.E.S., Pres.L.S.... Dr. J. AbDrcrombie, Prof. Buckman, 

Xj£ii!nl£0StjOli* 

1857. Dublin Prof. W. 11. Harvey, M.D.,E.E.S. Prof. J. E.Kinaban,Dr. E. Lankcster, 

Eobert Patterson, Dr. W, E, Steele. 

1858. Leeds C. C. Babington, M.A., E.E.S.... Henry Denny, Dr. Heaton, Dr. E. 

Lankcster, I)r. E. Perceval Wright. 

1859. Aberdeen ... Sir W. Jardino, Bart., E.E.S.E. . Prof. Dickie, M.D., Dr. E. Lankestor, 

Dr. Ogilvy. 

1800. Oxford Rev. Prof. Heiislow, E.L.S W. S. Cliurch, Dr. E. Lankcster, P. 

L. Solater, Dr. E. Perceval Wright. 

1801. Manchester.. Prof. C. 0. Babington, F.E.S, ... Dr. T. Alcock, Dr. E. Lanko.ster, Dr. 

P. L. Sdater, Dr. E. P, Wright. 

1802. Cambridge... Prof. Huxley, F.E.S Alfred litewton, Dr. E. P. Wright. 

1863. Newcastle ... Prof. Balfour, M.D., F.E.S Dr. E. Charlton, A. Newton, Eev. H. 

B. Tristram, Dr. E. P. Wright. 

1804. Bath Dr. John E. Gray, F.E.S H. B. Brady, 0. E. Broom, H, 1\ 

Stainton, Dr. E. P. Wright. 

1865. Birmingham T. Thomson, M.D., F.E.S. ...... Dr. J, Anthony, Ecv. 0. Clarke, Rov. 

H. B, Tristram, Dr. E, P. Wright. 

SECTION D (contlniiedy — moLOOY^K 

1860. Nottingham. Prof. Huxley, LL.D., F.E.S. — Dr. J. Beddanl, W. Felkin, Rev. IF. 

ThjMogical Dep. Prof. Hum- B. Tristram, W. Turner, E. .B, 
phry,M.D., VJ^Sr-Anthropo- Tyler, Dr. E. P. Wright. 
loaiccilDep. Alfred E. Wallace, 

F’.RG.S. 

1867. Dundee Prof. Sharpey, M.D., See, E.S. — 0. Spence Bote, Dr. S. Cobbolcl, Dr. 

Bep, of Zool, aniBot. George M. Foster, IT. T, Stain! on, Eev. 11, 
Busk, M.D., F.E.S. B. Tristram, Prof. W. Turner. 

1808. Norwich ...Eev. M. J. BerMey, F.L.S. — Dr. T. S.Cobbold, G. W. Firtli, Dr. 

B^p, of Bhymhgy, W. H. M. Poster, Prof. Tawson, 31. T, 
3jlower, F.R.S. Stainton, Eev. Dr. H. B. Tristram, 

Dr. B. P. Wright. 

1869. Exeter George Busk, P.E.S., P.L.S.,D^^. Dr. S. Cobbold, Prof. Michael Poster, 

of Bot. and Zool C. Spence M.D., E. Eay Lankestor, Professor 
Bate, F.E.S., Bep. of Mhio. E. Lawson, H. T. Stainton, Eov, H. B. 
B. Tylor. Tristram. 


ANATOMICAL AND PHYSIOLOGICAL SCIENCES. 

COSOriTTEES 03? SCIENCES, T. — ^.iNATOHY AND PHISIOEOGI. 

1833. Cambriclge..,[Dr. Haviland [Dr. Bond, Mr. Puget. 

1834. Edinburgh...|Dr. Abercrombie [Dr. Roget, Dr. W^'ilihun Thomson. 

SECTION E. (tlNTIIi 1847.) — ANATOMY AND MEDICINE. 

1835. Dublin ...... Dr. Pritchard Dr. Harrison, Dr. Hart, 

18S6. Bristol Dr. Boget, F.E.S ....Dr, Symonds. 

1837. Liverpool ... Prof. W. Clark, M.D Dr. J. Car.son, jnn,, James Long, Dr. 

J. E. W. Vose. 

1838. Newcastle ... T. E. Headlam, M.D T. M. Greenhow, Dr. J. B. W, Togo. 

1839. Birmingham John Yelloly, K.D., P.BS Dr, G, 0. Rees, F. Eylancl 

^ At the Meeting of the General Committee at Birmingham, it was resolved That the 
title ofSeetion D be changed to Biology ; and «That for the word ‘ Subsection,* in tho 
roles for conducting the business of the Sections, Iho word * Department* bo substituted.’* 


PRESIDENTS AND SECRETARIES OE THE SECTIONS. 
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Date and Place. 

Presidents. 

1 Secretaries. 

1840. Glasgow ... 

1841. Plymouth... 

1842. Manchester. 

1843. Cork 

1844. York 

James Watson, M.D 

P. M. Roget, M.D., Scc.R.S. ... 

Edward Holme, M.D., F.L.S. ... 

Sir Jame.s Pitcairn, M.D 

J. 0. Pritchard, M.D 

Dr. J. Brown, Prof. Couper, Prof. 
Reid. 

Dr. J. Butter, J. Fuge, Dr. R. S. 
Sargent. 

Dr. Chaytor, Dr. Sargent. 

Dr, John Popham, Dr. R. S. Sargent. 
I. Erichsen, Dr. R. S. Sargent. 


SECTION E. ^PHYSIOLOaY. 

T845. Cambridge , Prof. J. Hayiland, M.B Dr. R. S. Sargent, Dr. Webster. 

1840. Southampton Prof. Owen, M.D., P.R.S C. P. Keele, Dr. Daycocli, Dr. Sargent. 

1847. Oxford'^ ... Prof Ogle, M.D., F.R.S .....Dr. Thomas, K. Chambers, W. P. 

Ormerod. 

PHYSIOIOGICAL STTESECTTONS OP SECTION D, 

1850. Edinburgh Prof. Bennett, M.D., E.E.S.E. 

1855. G-lasgow ... Prof. Alien Thomson, E.E.S. ... Prof. J. IT. Corbett, Dr. J. Stnithers. 

1857. Dublin ...... Prof. R. Plarrison, M.D Dr. E. D. Lyons, Prof. Redfern. 

1858. Leeds SirBenjaminBrodic,Bari..E.R S. C. G-. Wheelhouse. 

1859. Aberdeen ... Prof. Sliarpey, M.D., Sec.RS. ... Prof. Bennett, Prof. Redfern. 

1860. Oxford Prof. G-. Rolleston, M.D., E.L.S. Dr. R. M‘Donnell, Dr. Edward Smith. 

1861. Manchester . Dr. John Da’vj, E.B.S.L. & E.... Dr. W. Roberts, Dr. Edward Smith. 

1862. Cambridge . 0. E. Paget, M.D G*. .E. Helm, Dr. Edward Smith. 

1863. Newcastle... Prof. Rolleston, M.D., E.R.S. ... Dr. D. Embleton, Dr. W. Turner. 

1804. Bath Dr. Edward Smith, LL.D.,E.R.S. J. S. Bartrum, Dr. W. Turner. 

1865. Birminghm.t Prof. Acland,M.D.,LL.D.,E.R.S. Dr. A. Elemin^ Dr.P.Heslop, Oliyer 

■ Penibleton, Dr. W. Turner, 


GEOGEAPHICAL AHD ETHNOLOGICAL SCIENCES. 

[For Presidents and Secretaries for Geography previous to 1851, see Section 0, p. sivii.] 
ETHNOLOGICAL SUBSECTIONS OF SECTION D, 

1846. Southampton Dr. Pritchard Dr. King. 

1847. Oxford Prof. H. H. Wilson, M.A Prof. Buckley. 

1848. Swansea G. Grant Francis. 

1849. Birmingham Dr. R. G. Latham. 

1850. Glasgow ... Yicc-Admiral Sir A. Malcolm ... Daniel Wilson. 


SECTION E, — GEOGRAPHY' AND ETHNOLOGY, 

SirR.I. Mui'chison, F.R.S.,Prcs.(R- Cull, Rev. J, W. Donaldson, Dr. 

R.G.S. Norton Shaw, 

Col, Chesney, R.A., D.0.L.,E. Cull, R. MacAdam, Dr. Norton 
F.R,S. Shaw. 

R. G. Latliam, M.D., F.R.S. R. Cull, Rev,^ H. W. Kemp, Dr. Nor- 
ton Shaw. 

Sir R. I. Murchison, D.C.L-, Richard Cull, Rev. H. Higgins, Dr, 
F.R.S. Ihne, Dr. Norton Shaw. 

Sir J. Richardson, M.D., F,B.S* Dr. W. G. Blackie, B. Cull, Dr. Nor- 
ton Shaw. 

Col. Sir H. 0. Rawlinson, K.C.B. R. Cull, F. D. Hartland, W.H.Riim* 

sey, Dr. Norton Shaw. 

* By direction of the General Committee at Oxford, Sections D and E were incorporated 
under the namo of ‘’Section D—- Zoology and Botany, inciudmg Physiology (see p.xxix). 
The Section being then vacant was assigned in 1851 to Geography, 
t Vide note on preceding page* 


1851. Ipswich ... 

1852. Belfast I 

1853. Hull 

1854. Liverpool... 

1855. Glasgow ... 

1856. Cheltenham 
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Pate and Place. Presidents, Secretaries. 

1857. Dublin Rev.Dr. J.HenthawnTodd,Pre.s. B. Cull, S. Ferguson, Dr. B. B. Mud- 

R.I.A. clen, Dr. Norton Sbaw, 

1858. Leeds Sir B. I. Murchison, a.C.St.S., R. Cull, Francis Galton, P. O’Cal- 

F.B.S. laghan, Dr. Norton Shaw, Thomas 

Wright. 

1859. Aberdeen ... Bear- Admiral Sir James Clerk Bichard Cull, Professor Geddes, Dr. 

Boss, D,C.L., P.B.S. Norton Shaw. 

18G0. Oxford Sir R. I. Murchison, D.C.L., Capt. Burrows, Dr. J. Hunt, Dr. C. 

F.B.S. Lempriero, Dr. Norton Shaw. 

1861. 3Ianohester. John Crawfurd, F.B.S Dr. J. Hunt, J. Kingsley, Di'. Norton 

Shaw, W. Spottiswoodo. 

1862. Cambridge . Francis Gallon, F.B.S J. W. Clarke, Bev. J . Glover, Dr. 

Hunt, Dr. Norton Shaw, T. Wright. 

1863. Neweastle... Sir B. I. Murchison, K.O.B., C. Carter Blake, Hume Greenfield, 

F.E.S. C. B. Markham, B. 8. Watson. 

1864. Bath Sir R. I. Murchison, K.O.B., H. W. Bates, 0. R. Markham, Capt. 

F.R.S. R. M. Murchison, T. Wright. 

1865. Birmingham Major-General Sir R. Rawliuson, H. W. Bales, S. Evans, G. Jabet, C. 

M.P., K.C.B., P.R.S. R. Markham, Thomas Wright. 

1S6G. Nottingham Sir Charles Nicholson, Bart., H. W. Bates, Bev. E. T. Onsiiis, E. 

LL.D. H. Major, Clements B. Markham, 

D. W. Nash, T. Wright. 

1807. Dundee Sir Samuel Baker, F.B.G.S. ...... H. W. Bates, Cyril Graham, C. R. 

Markham, S. J Mackie, R. Sturrock, 

1868. Norwich ... Capt. G.H. Richards, E.N., F.R.S. T. Baines, H. W. Bates, 0. B. Mark- 

ham, T. Wright, 

SECTION E (continued), — geography, 

1869, Exeter jSir Bartle Frero, K.C.B., LL.D.,|H. W. Bates, Clements R. Markham, 

1 F.B.G.S. 1 J.IL Thomas. 


STATISTICAL SCIENCE. 

COMMITTEES OP SCIENCES, 71. — STATISTICS. 

1833. Cambridge .IProf. Babbage, F.R.S jJ. E. Drinkwatcr. 

1834. Edinburgh .jSir Charles Lemon, Bart. IDr. Cleland, C. Hope Maclean. 


SECTION F. — STATISTICS. 


1833. Dublin Charles Babbage, F,B.S 

1836. Bristol Sir Charles Lemon, Bart., F.R.S. 

1837. Liverpool... Rt. Hou. Lord Sandon 

1838. Newcastle... Colonel Sykes, F.R.S 

1839. Birmingham Henry Hallum, F.R.S 

1840. Glasgow ... Rt. lion. Lord Sandon, F,B.S., 

M.P. 

1841. Plymouth... Lieut.-Col. Sykes, F.R.S 

1842. l^Ianchester.G. W. Wood, M.P., F.L.S 

1843. Cork Sir C. Lemon, Bart., M.P 

1844. York Lieut...Col. Sykes, F.R,S., F.L.S. 

1845. Cambridge . Rt. Hon. The Earl Fitzwilliam... 

1846. Southampton G. R. Porter, F.R.S. 

1847. Oxford Travers Twiss, D.C.L., F.B.S. ... 


W. Greg, Prof. Longfiold. 

Bov. J. E. Bromby, 0. B. Fripp, 
James Hoy wood. 

W. R. GiTg, W, Langton, Dr. W. 0. 
Taylor. 

W. Cargill, J. Tfeywood, W. B. Wood 
F. Clarke, R. Rawson, Dr, W, 0. 
Taylor, 

0. R. Baird, Prof. Ramsay, B. W. 
Rawson. 

Roy. Dr. Byrth, Rev. B. Lunoy, B. 
W. Bawson. 

Rev. R. Luney, G. W. Ormerotl, Dr. 
W. C, Taylor, 

Dr. D. Bullen, Dr. W. Cooke Taylor. 
J. Fletcher, J. Heywood, Dr. Laycock, 
J. Fletcher, W. Qodko Taylor, LLD. 
J. Fletcher, F. G. P. Noison, Dr. W. 

C. Tayler, Rev. T, L. Shapoott. 

Rev. W. H. Cox, J, J. Danson, F. G. 
P. Noisou. 


PRESIDENTS AND SECRETARIES OF THE SECTIONS, 
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Date and Place. Presidents. Secretaries. 

1848. Swansea ... J. H. Yivian, M.P., P.R.S J. Fletcher, Capt. R. Shortrede. 

1849. Birmingham Rt. Hon. Lord Lyttelton Dr. Finch, Prof. Hancock, F. G*. P. 

Nexson. 

1850. Edinburgh .. Very Rev. Dr. John Lee, Prof. Hancock, J. Fletcher, Dr. J. 

V.P.R.S.E. Stark. 

1851. Ipswich Sir John P. Boileau, Bart J. Fletcher, Prof. Hancock. 

1852. Belfast His Grace the Archbishop of Prof. Hancock, Prof. Ingram, James 

Dublin. MacAdam, Jun. 

1853. Hull James Heywood, M.P., F.R.S. ... Edward Cheshire, William Newmarch, 

1854. Liverpool . . . Thomas Tooke, F.R.S E. Cheshire, J. T. Danson, Dr. W. H. 

Duncan, W. Newmarch. 

1855. Glasgow R. Mouekton Milnes, M.P J. A. Campbell, E. Cheshire, W. New- 

march, Prof. R. H. Walsh. 

SECTION F (continued )* — ^economic science and statistics. 

1856. Cheltenham Rt. Hon. Lord Stanley, M.P. ... Rev. 0. H. Bromby, E. Cheshire, Dr. 

W. N. Hancock Newmarch, W. M. 
Tartt. 

1857. Dublin His Grace the Archbishop of Prof. Cairns, Dr. H. D. Hutton, W* 

Dublin, M.R.I.A. Newmarch. 

1858. Leeds Edward Baines T. B. Baines, Prof. Cairns, S. Brown, 

Capt. Fishbourne, Dr. J. Strang. 

1859. Aberdeen ... Col. Sykes, M,P., F.R.S. Prof. Cairns, Edmund Macrory, A. M. 

Smith, Dr. John Strang. 

1860. Oxford Nassau W. Senior, M.A Edmund Macrory, W. Newmarch, 

Rev. Prof. J. E. T* Rogers. 

1861. Manchester William Newmarch, F.R.S. David Chadwick, Prof. R. C, Christie, 

E. "Macrory, Rer. Prof, J. E. T, 
Rogers. 

1862. Cambridge .. Edwin Chadwick, C.B. H. D. Macleod, Edmund Macrory. 

1863. Newcastle ... William Tite, M.P., F.R.S T. Doubleday, Edmund Macrory, 

Frederick Purdy, J ames Potts. 

1864. Bath.. William Farr, M.D., D.C.L., E. Macrory, E. T. Payne, F. Purdy. 

F.R.S. 

1865. Birmingham Rt. Hon. Lord Stanley, LL.D., G. J. D. Goodman, G. J. Johnston, 

M.P. E. Macrory. 

1866. Nottingham Prof. J. E. T. Rogers R. Birkin, Jun., Prof. Leone Levi, E. 

Macrory. 

1867. Dundee M. E. Grant Duff, M.P Prof. Leone Levi, E. Macrory, A. J. 

Warden. 

1808. Norwich ... Samuel Brown, Pres. Instit. Ac- Rev. W. C. Davie, Prof. Leone Levi, 
tuaries. 

1869. Exeter Rt.Hon.Sir Stafford H.Northcote, Edmund Macrory, Frederick Purdy, 

Bart., O.B., M.P. Charles T. D. Aeland. 

MECHANICAL SCIENCE. 

SECTION a. — ^MECHANrC.lL SCIENCE. 

1836. Bristol Davies Gilbert, D.O,L., E.R.S.... T. G. Bunt, G. T. Clark, W. West. 

1837. Liverpool ... Rev. Dr. Robinson Charles Vignoles, Thomas Webster. 

1838. Newcastle ... Charles Babbage, F.R.S R. Hawthorn, 0, Vignoles, T. Web- 

ster. 

1839. Birmingham Prof. Willis, F.R.S., and Robert W. Carpmael, William Hawkes, Tho- 

Stephenson. mas Webster. 

1840. Glasgow ... Sir John Robinson J* Scott Russell, J. Thomson, J. Tod, 

0. Vignoles. 

1841. Plymouth... John Taylor, F.R.S Henry Chatffeld, Thomas Webster. 

1842. Manchester .Rev. Prof. Willis, F.R.S J- F. Bateman, J. Scott Russell, J« 

Thomson, Charles Vignoles. 

c 
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Date and Place. 


1843. Cork 

1844. York 

1845. Cambridge.. 

1846. Southampton 

1847. Oxford 

1848. Swansea 

1849. Birmingham 

1850. Edinburgh .. 

1851. Ipswich 

1852. Belfast 

1853. Hull 

1854. Liverpool ... 

1855. C-lasgow ... 
1850. Cheltenham j 

1857. Dublin ' 

1858. Leeds 

1850. Aberdeen ... 

1800. Oxford 

1801. Manchester 

1802. Cambridge .. 

1863. ITewcastle ... 

1864. Bath 

1805. Birmingham 

1866. JTottingham 

1807. Dundee 

1868. Norwich ... 

1869. Exeter 


Presidents, 


Secretaries. 


Prof. J. Macneill, M.B.I. A. 

John Tayloi’j F.B.S 

George Bennie, F.B.S 

Bev. Prof. Willis, M.A., E.B.S. . 
Bev. Prof. Walker, M.A., F.E.S. 
Bev'. Prof. Walkor, M.A., E.E.S. 
Bobort Stephenson, M.P., P.B.S. 

Bov. Dr. Bobinson 

William Cubitt, B.E S 

John Walker, O.E.,LL.D.,E.E.S. 

William Pairbairn, C.E., F.B.S.. 

John Scott Bussell, F.B.S. 


James Thompson, Bobert Mallet. 
Charles Vignoles, Thomas Webster. 
Bev. W. T. Kingsley. 

William Betts, Jun., Charles Manby. 
J. Glynn, B. A. Le Mcsuricr. 

B. A. Le Mesurier, W. P. Struve. 
Charles Manby, W. P. Marshall. 

Dr. Lees, David Stephenson. 

John Head, Charles Manby. 

John F. Bateman, 0. B. Hancock, 
Charles Manby, James Thomson. 
James Oldham, j. Thompson, W. Sykes 
Ward. 

John Grantham, J, Oldliam, J. Thom- 


son. 


W. J. Maequorn Eankine, G.E. 

I I'.E.S. 

jGeorge Benuie, P.B.S 

|Tke Eight Hon. Tha Earl oi 
Eosso, F.E.S. 

|WilHam Fairbairn, F.B.S 

Bev. Prof. WiUis, M.A., F.B.S. 

Prof. W. J. Maequorn BankineJ 
LL.D., F.B.S. 

J. F. Bateman, O.B., F.B.S 

I William Fairbairn, LL.D.,F.E.S.| 
Bev. Prof. Willis, M.A., F.B.S. . 

J. Hawkshaw, F.B.S 

iSir W. G. ij:matrong, LL.D. 
F,B.S. 

Thomas Hawksley, V.P.Inst.l 
C.E.,F.G.S. I 

Prof. W, J. Maequorn Bankme,! 

LL.D., F.B.S. I 

G. P. Bidder, C.E., F.B.G.S. ... 


iC. W. Siemens, F.B.S 


L. Hill, Jun., William Bamsay, J. 

I Thomson. 

O. Atherton, B. Jones, Jun., 11. M. 
Jelfery, 

fjProf. Downing, W. T. Doyno, A. Tate, 
James Thomson, Henry Wright. 

[j. 0. Dennis, J. Dixon, H. Wright. 
R. Abernethy, P. Le Neve Foster, II. 
Wright. 

P. Le Novo Foster, Bov. F. Harrison, 
Henry Wright. 

P. Le Neve Foster, John Bobinson, II, 
W'right. 

W. M. Fawcett, P. Le Novo Foster. 

P. Le Nevo Foster, P. Westmneott, J, 
F. Spencer. 

P. Lc Neve Foster, Robert Pitt, 

,P. Le Novo Foster, Henry Lea, W. P. 
1 Marshall, Walter May, 

|P. Le Nevo Foster, J. F. Tsolin, M. 
A. Tarbottom, 

iP. Le Nevo Foster, John P, Smith, 
W. W. Urquhart, 

P. Le Neve Foster, J, F. Tselin, C. 

Manhy, W. Smith, 

|P. Le Neve Foster, XI. Bauorman. 


List of Evening Lectures. 


Date and Place, j 

Lecturer, 

— — .. 

SubioctofDiscour.se. 

i 

1842, Manchester . 

Charles Yigiioles, F.B.S 

Sir M. 1. Brunei 

; The Principles and Construction of 
Atmosphoric Bailways. 

The Thames Tunnol. 

The Geology of Bussia. 

The Dinornis of New Zealand. 

The Distribution of Animal Life in 
the iEcmn Sea. 

71i 6 Esiri of 

1S43. Oort 

Sir B. I. Murchison, Bart 

Prof. Owen, M.D., F.E.S 

Prof. Forbes, F.B.S 

Dr. Bobinson 

18M. York 

1845. Cambridge .. 

Charles Lyell, F.E.S. 

Dr. Falconer, F.B.S 

G. B. Airy, F.B.S., Astron.Boyal 
B, I. Murchison, F,B.S 

Geology of Nortli America. 

Tim Gigantic Tortoise of the Siwalik 
Hills in India. 

Progress of Terrestrial Magnetism, 
Geology of Bussia. 
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Date and Place, 


Lecturer. 


Subject of Discourse. 


,1846 . Southampton 

1847, Oxford 

1848. Swansea 
1840. Birmingham 

1850. Edinburgh. 

1851. Ipswich 

1852. Belfast 


1853. Hull 

1854. Liverpool ... 

1855. Glasgow 

1856. Cheltenham 


1857. Dublin ...... 

1858. Leeds 

1850. Aberdeen ... 

1860. Oxford ...... 

1861. Manchester , 

1862. Cambridge . 

1863. Hewcastle- 

on-Tyne , ; 


Prof. Owen, M.D , E.B.S 

Charles Lyell, P.R.S 

W. B. Grove, E.B.S 


Eev. Prof. B. Powell, F,B.S. ... 
Prof. M, Faraday, F.B.S 

Hugh E. Strickland, F.G.S. ... 
John Percy, M.D., F.B.S 

W. Carpenter, M.D., F.B.S. ... 

Dr. Faraday, F.B.S 

Bev. Prof. Willis, M.A., F.E.S. 

Prof. J. H. Bennett, M.D., 
F.B.S.E. 

Dr. Mantell, F.B.S..... 

Prof. B. Owen, M.D., F.B.S. 

G. B, Airy, F.B.S., Astron. Boy. 
Prof. G.G. Stokes, D.C.L.,F.B.S. 

Colonel Portlook, B.E., F.B.S. 


Prof. J. Phillips, LL.D., RB.S., 
F.G.S. 

Bobert Hunt, F.B.S 

Prof. B. Owen, M.D., F.B.S. ... 
Ool, E. Sabine, Y.P.B.S 

Dr. W. B. Carponicr, F.B.S. ... 
Lieiit.-Ool. H. Bawlinson 

Col. Sir H. Bawlinson 


W. B. Grove, F.B.S 

Prof. Thomson, F.B.S 

Bev. Dr. Livingstone, D.C.L. .. 
Prof. J. Phillips, LL.D., F.B.S 
Prof. B. Owen, M.D., F.B.S. .. 

SirB.I.Mimohison, D.C.L 

Bev'. Dr. Bobinson, F.B.S 

Bev. Prof. Walker, F.E.Sl 

Captain Shorard Osborn, R.N. 
Prof. W. A. MiUer, M.A., F.B.S 
G. B. Aii’y, F.B.S., Astron, Boy. 
Prof. Tyndall, LL.D., F,B.S. .. 

Prof. Celling, F.E.S 

Prof. Williamson, F.B.S 


James, Glaisher, F,B.S 


Fossil Mammalia of the British Isles. 

Valley and Delta of the Mississippi. 

Properties of the Explosive substance 
discovered by Di'. Schoiibeiu ; also 
some Besearches of his own on the 
Decomposition of Water by Heat. 

Shooting-stars. 

I Magnetic and Diamagnetic Pheno- 
mena. 

The Dodo {Bidiis incptits). 

Metallurgical operations of Swansea 
and its neighbourhood. 

Becent Microseoincal Discoveries, 

Mr. Gassiot’s Battery, 

Transit of different Weights with 
varjung velocities on Bailways. 

Passage of the Blood through the 
minute vessels of Animals in con- 
nexion with jNutrition. 

Extinct Birds of New Zealand. 

Distinction between Plants and Ani- 
mals, and their changes of Form. 

Total Solar Eclipse of July 28, 1861. 

Bocenfc discoveries in the properties 
of Light. 

Becont discovery of Bock-salt at 
Carrickfergus, and geological and 
practical considerations connected 
with it. 

Some peculiar phenomena in the Geo- 
logy and Physical Geography of 
Yorkshire. 

The present state of Photography. 

Anthropomorphous Apes. 

Progress of researches in Terrestrial 
Magnetism. 

Characters of Species. 

Assyrian and Babylonian Antiquities 
and Ethnology. 

Becent discoveiues is Assyria and 
Babylonia, with the results of Cunei- 
form research up to the present 
time. 

Correlation of Physical Forces. 

The Atlantic Tolegrai>h. 

Becont discoveries in Aii'ica. 

The Ironstones of Yorkshire. 

The Fossil Mammalia of Australia. 

Geology of the Northern Higlilands. 

Electrical Discharges in highly rare- 
fied Media. 

Physical Constitution of the Sun. 

, Arctic Discovery. 

, Spectrum Analysis. 

, The late Eclipse of the Sui:. 

The Forms and Action of Water. 

Organic Chemistry. 

, The chemistry of the Galvanic Bat- 
tery considered in relation to Dy- 
namics. 

. The Balloon Ascents made for the 
1 British Association. 
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Date and Place. 


Lecturer. 


Subject of Discourse. 


1864. Bath 

1865. Birmingham 


Prof. Eoscoe, F.E.S 

Dr. LiviMstone, F.R.S. 

J. Beete iRikes, P.R.S 


1866. Kottingham.l 

1867. Dundee.., 


1868. Norwich 

1869. Exeter 


William Huggins, E.R.S 

Dr. J. D. Hooker, E.R.S 

Archibald Cteikie, F.R.S 

Alexander Herschel, RB.A.S. 

X Fergusson, F.E.S 


Dr. W. Odling, F.B.S 

Prof. J. Phillips, LD.D., F.E.S. 
J. Norman Dookyer, F.K.S. 


The Chemical Action of Light. 

Recent Travels in Africa. 

Probabilities as to the position and 
extent of the Coal-measures beneaih 
the red rocks of the Midland Coun- 
ties. 

The results of Spectrum^ Analysis 
applied to Heavenly Bodies. 

Insular Floras. 

The Geological origin of the present 
Scenery of Scotland. 

The present state of knowledge re- 
garding Meteors and Meteointes. ^ 

Archseology of the early Buddhist 
Monuments. 

Reverse Chemical Actions. 

Vesuvius. 

The Physical Constitution of the 
Stars and Nebula?. 


Lectures to the Operative Classes, 


1867. Dundee.,,... 

1868. Norwich .... 

1869. Exeter ! 


Prof. X Tyndall, LL.D., E.B.S. 
Prof. Huxley, LL.D., F.E.S. ... 
Prof. Miller, M.D., F.E.S 


Matter and Force. 

A piece of Chalk. 

Experimental illustrations of iho 
modes of detecting tho Composi- 
tion of the Sun and other Heavenly 
Bodies by the Spectrum. 
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Table showing the Attendance and Receipts 


Date of Meeting. 

Where hold. 

Presidents. 
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Members. 

Now Life 
Members. 

iSqi, Sept. 27 ... 
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The Earl Eitzwilliam, D.C.L. ... 



1832, June r 9 ... 
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Tlie Ecr. W. Bucklnnd, EE.S. .. 



1833, Jnne2<; ... 

Cambridge 

The Eev. A. Sedgwick, E.B.S.... 



1834, Sept. 8 ... 
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Sir T. M. Brisbiino, D.C.L 



1835, Aug. 10 ... 
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The Rev. Provost Lloyd, LL.D. 



1836, Aug. 22 ... 
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The Marquis of Lansdoivno 



i837»Sept. 11 ... 
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The Earl of Burlington, . 



1838, Aug. 20 ... 
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The Duke of Northumberland. . . 



1839, Ausr. 26 ... 
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The Rev. W. Vernon Ifarcourt . 
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65 
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The Ijord Francis Egerton 
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The Rev. C. Peacock, D.D 
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Sir Roderick I. Miirclnson, Bart. 
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12 
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Sir David Brewster, IC.H. ...... 
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1855, Sept. 12 

. Glasgow 
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236 

15 
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27 
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40 
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44 
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. Dundee 

. The Duko of Bucelcuoh, K.C.B. 
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2^ 
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. Dr. Joseph D. Hooker, F.E.S. . 
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18 
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. Exeter 

, Prof. G. G. Stoke.s, D.C.L 
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21 

1870, Sept. 14 

Liverpool 

. Prof. T. H. Huxley, LL.D 
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OmCEES 0¥ SECTIONAL COMMITTEES PEESENT AT THE 
EXETEE MEETINO. 

SECTION A, — ^MATHEMATICS AND PHYSICS, 

President — ^Professor J. J. Sylvester, M.A., LL.E., E.E.S, 

Vice-Preddents , — ^Professor J. 0. Adams, M.A., D.C.L., E.E.S.; J. P. Gassiot, 
V.P.B.S. ; William E. Grove, M.A., F.K.S. ; Eev. Professor Bartliolomew Price, 
M.A., F.E.S. \ Eev. T. E. Eobinson, D.D., F.E.S. ; Professor Sir Charles Wheat- 
stone, B.O.L., F.E.S, 

Secretaries , — Professor G. 0. Foster, B.A., F.E.S. ; E. B. Hayward, M,A» ; W. K, 
CHfford, B.A. 


SECTION B. — OHEMISTEY AND MINEEAXOGY, INCLDDINO THEIB APPLICATIONS TO 
AGEICITLTXJEE AND THE AETS. 

President — ^Dr, H. Hehus, F.E.S., F.C.S. 

Vice-Presidents, — ^Dr. Andrews ; Dr. J. Hall Gladstone, F.E.S. ; Professor W. A. 

Mller, M.D., F.E.S, 5 Dr. Yoelcher, F.C.S. ; Dr. WiUiamson, F.E.S. Pres.C.S, 
Secretaries , — ^Professor A. Crimi Brown, M.D., F.C.S. ; Dr. W. J. Eussell, F.C.S. j 
Dr. Atkinson, F.C.S, 


SECTION C. — OEOLOOr. 

President — ^Professor E, Harkness, F.E.S., F.G.S. 

Vice-Pi'esidents. — ^E. A. C. Godwin-Austen, F.E.S., F.G.S. 5 Sir P. de M. Grey 
Egerton, Bart., F.E.S., F.G.S.; Professor Phillips, LL.D., P.E.S., F.G.S, ; Pro- 
fessor Huxley, LL.D., F.E.S., P.G.S. ; Edward Vivian, F.G.S. 

Secretaries, — W. Pengelly, F.E.O., F.G.S.; W, Boyd Dawkins, M.A.,F,E.S.,F,G,S.; 
Eev. H. H. Winwood, M.A., F.G.S. 


SECTION D. — BIOLOGY. 

I^^esidmt — George Busk, F.E.S., F.L.S., F.G.S. 

Vice-Presidents . — ^Professor Balfour, F.E.S. ; C. Spence Bate, F.E.S., F.L.S. ; Dr. 
Hooker, F.E.S., F.L.S,; Sir John Lubbock, Bart., F.E.S. ; Dr. W. Eansoni; 

E. B. Tylor; A. E. Wallace, F.E.G.S. ; Professor E. Perceval Wright, M.D,, 

F. L.S. 

Secretaries, — ^Dr. Spencer Cohhold, F.E.S, ; Professor Michael Foster, M.D,, F.B.S. ; 
E. Bay Lankester : Professor Lawson : H. T. Stainton, F.E.S., F.L.S. : Eev. H, 
B. Tristram, M.A., LL.D., F.E.S. 


SECTION E. — GEOGEAPHY AND ETHNOLOGY. 

Preside7it-^Sh Bartle Frere, KC.B., F.E.G.S., LL.D., G.C.S.L 
Vice-Presidents . — Sir G. Grey, K.O.B., F.E,GS.; A. G. Findlay, F.E.G.S. ; Major- 
General Sir A. Scott Waugh, E.E., F.E.S. ; Captain Eichards, E.N., F.E.S, : 
Vice-Admiral Sir E. Belcher, K.C.B., F.E.G.S. 

Secretaries, — ^H. W, Bates, Assist. Sec. E.G.S. : Clements B. Markham, F,B.G.S. : 
J. H. Thomas, F.E.G.S. 


SECTION P. — ^ECONOMIC SCIENCE AND STATISTICS. 

Pt^esident , — ^The Eight Hon. Sir Stafford H. Northcote, Bart., C.B., M.P. 
Vice-Presidents, — ^T. D. Acland, M.A., D.O.L., M.P. ; The Earl of Derby, F.E.S. ; 
The Eight Hon. Lord Houghton, D.C.L., F.E.S. ; Sir W. Tite, M.P., F.E.S. \ 
Dr. Wm. Farr, D.C.L., F.E.S. ; Professor J. E. Thorold Eogers, M.A. 
Secretaries , — ^Edmund Macrory, M,A.; Frederick Purdy, F.S.S. ; Charles T. D^ 
Acland, M.A. 
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SECTIOir e. — ^MECHAIS-ICAI. SCIEiTCE. 

Pt'eddent, — C. W. Siemens, C.E., F.R.S. 

Vice-Fremhnts.-^Oc, P. Bidder, C.E. ; 0 . Vignoles, C.E., F.R.S., F.R.A.S. ; Pro- 
fessor "W. M. EanMne, LL.D., F.R.S. 5 Eev. Professor Willis, F.E.S.; 0. H. 
Gregory, PresJ.C.E .5 Admiral SirE. Belcher, K.C.B . ; Captain Douglas Galton, 
. O.B., E.E., F.E.S. ; J. F. Bateman, F.RS. 5 F. J. Bramwell j Sir J oseplr Wliit* 
worth, Bart., LL.D., F.PuS. 

Sm•eiarm^ — ^P. Le INTeve Foster, M.A. 5 H. Bauerman, F.G.S. 

B^eport of the Council of the British Association for the year 1868-69, 

• ‘presented to the General Committee at Eoseter on Wednesday^ 
August 18, 1869. 

The Reports of the General Treasurer and of the Few Committee for tho 
past year have been received, and will be laid before the General Committee, 
At the Meeting of the Association at hTorwich, the General Committee 
referred two Eesoliitioiis to the Council for consideration and action, if it 
should be deemed desirable. 

The fii'st Resolution was : — 

That the Council be instructed to prepare and cause to be presented to 
the Houses of Lords and Commons petitions on behalf of tho Association, 
praying them without loss of time to pass such measures as w’ill remedy 
the existing defects in Secondary Education in Schools, and that tho 
Council be empow^ered to take such other steps as in their judgment may 
' bo best calculated to promote tho object of these petitions. 

The Council, after receiving the rc] 3 ort of a Committee specially appointed 
by them to consider the question, resolved to act in accordance with this 
Resolution. They consequently i)rcpared tho following Petition, w^hich was 
presented by tho Right Hon. Lord Lyttelton to the House of Lords, by Bir 
W. Tite to the House of Commons. 

The Humble Petition of the British Association for the Advancement 

of Science 

‘ Sheweth, — That one of the ends for which the Association was established 
was to obtain a more general attention to the objects of Scicneo, and a ro- 
moval of any disadvantages of a public kind which impede its progress.’’ 

That some of tho chief impediments to the progress of Science in tho 
United Xingdom are to bo found in tho limited and defective vsiato of Se- 
condary Education, and in the condition of the Endowed Grammar >Sclioolw, 
which, having been founded in past times, repre>scnt for tho most pari tho 
knowledge and wants of the past, rather than of the present. 

That, notwithstanding the defects of the Endowed Grammar Bohools, they 
arc enabled, by their number, antiquity, and endo'wmonts, to maintain a 
prescriptive rank and influence, and seriously to impede tho adoption of im- 
proved systems of education. 

That the necessity for inquiry into tho state of the Endow'od Grammar 
Schools, and into the education given in schools generally, above tho Ele- 
mentary, has already been recognized in tho appointment by Her Majesty of 
three Commissions to report on this Class of Schools in England and 
Scotland. 

That in the year 1866 the Council of tho Association appointed a Com- 
mittee to consider the best means of promoting Scientific Education in Schools, 
and that this Committeie drew up a Report on the subject, which is printed 
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in the Eeport of the Sehook-Inquiry Commission/’ presented to Hex Ma- 
jesty, and laid before your Honourable House. 

That the recommendations of the Schools-Inquiry Commission, in regard 
to the introduction of the study of Natural Science into all Secondary Schools, 
are in general accordance ‘with the yiews of the Association. 

That, in the opinion of the Association, the study of Natural Science, 
■whether as a means of disciplining the mind, or for providing knowledge 
useful for the purposes of life, is of essential importance to the youth of this 
country; and that it ought to form a part of education in all Secondary 
Schools. 

- That the Association consider the Secondary Education of the United 
Eingdom, both in regard to the quality and the range of the subjects of 
study, to be incommensurate with the needs of a well-organized state ; they 
therefore request your Honourable House to enact such laws as shall make 
Natural Science an essential part of the course of education, and to put it on 
a footing of equality with the most favoured subjects of study. 

The Second Eesoliition referred to the Council by the General Committee 
at Norwich was : — 

That the Council of the British Association he requested to urge upon 
Government and thi’ough the British Government upon the Governments of 
Foreign Nations, the importance of fixing, by permanent bench-marks, cer- 
tain points of level, and also of position in reference to secular changes (1st) 
in the elevation of the land as referred to the sea-lovel, and (2nd) in relation 
to changes of coast-line, and to the position of ice-masses. 

That the Council of this Association be requested to ask tho support and 
cooperation in this of the Council of the lioyal Society ; and that the fol- 
lowing be a Committee to assist the Council and that of the Eoyal Society 
in the definition of the works proposted to be executed : — W* Sartorius von 
"Waltershausen, Lieut.-Colonel Sir Henry James, E.E., F.E.S., Eobert A. C. 
Godwin-Austen, E.E.S. 

The Council appointed a Committee, consisting of Sir Henry James, Sir 
C. Wheatstone, Mr. Godwin-Austen, Professor Tyndall, Professor Eamsay, 
the President, General Secretaries, and Treasurer, to consider this resolution 
and to report thereon. 

This Eeport being favourable, your Council applied to tho Council of the 
Eoyal Society, who at once promised their support in any application to 
Government, but deemed it unnecessary to augment the Committee already 
elected by your Council for the purpose of defining tho works proposed to 
be executed. This Committee has not yet concluded its labours. 

The. following foreign men of Science, who wore present at tho Norwich 
Meeting, have been elected Corresponding Members : — 

Baron von Madlcr, JDorpat. Professor L. Eadlkofcr, Munich. 

Padre Socchi, Hiroefcor of the Obser- Professor Earl Ivoch. 

vatory at Eomc. M. H’Avesac, Mem. de ITnstitut do 

Professor Aug, Morren, Hoycii de la Prance. ’ 

Eaculte de Science, Marseilles. Dr. H. A. WeddeU, Poitiers; 

Professor Yogt, Geneva. M. A. Heynsius, Leyden. 

Professor Broca, Paris. 

The Council are able to report that tho Annual Tolumo was this year 
again issued in June ; a stiU earlier publication being desirable, however, it 
is proposed to publish the next volume at Christmas : but in order to do so 
it wiE be necessary to defer until the Mowing year the publication of 
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reports -^"hicli arc not ready for tlie press immediately^ after the close of this 
present Meeting of the Association. 

The Connoil have been informed that Invitations for 1870 will be pre- 
sented to the General Committee by Deputations from Liverpool, Edinburgh, 
Brighton, and Bradford. 

Report of the Kew Committee of the British Association for the 
mncement of Science for 1868-69. 

The Committee of the Eew Observatory submit to the Council of the British 
Association the following statement of their proceedings during the past 
year : — 

The nature and amount of assistance to be rendered by this Committee to 
the Meteorological Committee of the Eoyal Society have now been clearly de- 
fined, and the duties undertaken at Kew Observatory may, as in the last 
Beport, for clearness’ sake be again considered under the two following 
heads ; — 

(A) The work done under the direction of the British Association. 

(B) That done at Kew as the Central Observatory of the Meteorological 

Committee. 

This system of division will be adopted in this Beport, and it has been 
thought desirable, for the information of the Association, in the financial 
statement hereto appended, to include the sums received from the Meteoro- 
logical Committee as well as those received from the British Association. It 
will thus be clearly seen that the work done at Kew for the Meteorological 
Committee has been paid for from funds supplied by that Committee, and not 
in any way from money subscribed by the British Association. 

(A) 'Work doite by Kew Qbseevatoet under the direction oe the 
British Association. 

1. Magneiie work , — The Self-recording Magnetographs ordered by iho 
Mauritius Government for Mr. Meldrum, after having been verified at Kow, 
have been forwarded to their destination. 

A Unifilar and Dip-circle for Mr. Moldrum have likewise boon verified. 

A Dnifilar and Dip-circle have been repaired and verified for the Bev. M. 
Colombel, who has gone to Nankin, where ho intends making magnetical 
observations, 

M. Colombel as well as M. Berg, of the "Wilna Observatory, have roceived 
magnetical instruction at Kew. 

A Dip-circle is in the course of being verified for Lieut. Elagin, of iho 
Bussian Navy. 

The usual monthly absolute determinations of the magnetic elements con- 
tinue to be made by Mr. Whipple, Magnetic Assistant. During the last year 
it has been found necessary to replace the wooden pillars of the magnetic 
house with pillars of Portland stone, which had been previously ascertained 
to be non-magnetic. It has also been found necessary slightly to repair the 
Unifilar and Dip-circle hitherto used in these monthly determinations. 

The Self-recording Magnetographs are in constant operation as heretofore, 
also under the charge of Mr. Whipple, and the photographic department 
connected with these instruments remains under the charge of Mr. Page. 

The task of tabulating and reducing the magnetic curves produced at Kew 
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subsequent to January 1865 is in progress under tbe direction of Mr. 
Stewart. Considerable advance has been made in these reductions during 
the present year, and it is hoped that during the next session of the Boyal 
Society a paper may be communicated to that body by Mr. Stewart, giving 
certain results of those reductions, as well as results of the absolute magmetic 
observations made every month. 

Lieut. Elagin has communicated thi’ough Mr. Stewart to the Boyal Society 
an account of observations made at the various European observatories, by 
means of a Dip-circle which had been lent to him from the ICew Observatory. 

Mr. Stewart has likewise communicated to the Boyal Society a short paper 
by Senhor OapeUo On the reappearance of certain periods of Declination- 
disturbance during two, three, or several days/’ also a joint paper by the 
Bev. W. Sidgreaves and himself, embodying the results of a preliminary 
comparison of the Eew and Stonyhurst declination-curves ; also a paper em- 
bodying the magnetical results obtained by Lieut. Bokeby at the island of 
Ascension, reduced by Mr. Whipple, Magnetical Assistant at Ecw. Finally, 
Mr. Stewart has communicated to the Boyal Society a paper containing a 
preliminary discussion of the peaks and hollows of the Kew magnetic curves 
for the first two years during which the Magnetographs were in operation. 

2. Meteorological worlc , — ^The meteorological work of the Observatory 
continues in the charge of Mr. Baker. 

Since the ITorwich Meeting, 157 Barometers have been verified, and 27 
have been rejected ; 1153 thermometers have been verified, and 24 have 
been rejected. Two Standard Thermometers have been constructed for the 
Standards’ Commission^, one for Stonyhurst College, and nine for Professor 
Tait. 38 Hydrometers have likevrise been verified. 

The progressive nature of this department of the Kew work will be seen 
by the following statement of the numbers of Barometers and Thermometers 
verified during the last few years 


1863-64 

Barometers. 

Thermometers. 
389 

1864-65 

88 

420 

1865-66 

126 

395 

1866-67 

89 

608 

1867-68 

78 

1139 

1868-69 

157 

1153 


The self-recording meteorological instruments now at work at Kew will 
he again mentioned in the second division of this Beport. Those are in the 
charge of Mr. Baker, the photography being superintended by Mr. Page, 

A Self-recording Barograph verified at Kew for Messrs. B. &> J. Bock has 
been disposed of by these opticians to Mr. Meldrum, of the Mauritius Obser- 
vatory. A Barograph and Thermograph have been verified at Kew and dis- 
patched to Mr, Ellery, at Melbourne, and a Barograph has recently been veri- 
fied for Mr. Smalley, of Sydney. 

At the request of Mr. O. J. Symons, the old Kew Thermometer frame has 
hee!:^lent to him for certain experiments, which are being carried on by him 
in conjunction vith the Bev. C. H. Griffith, at Strathfiold Turgis. 

The attention of meteorologists is directed towards an instrument devised 
by Mr. Beeldey, mechanical assistant at Kew, for the purpose of registering 

* While this Beport was being printed, an application was received from the Warden of 
the Standards, through Lient.'-den, Sir Edward Sabine, for an Air Thermometer. 
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tlie rainfall antomaticaUy. A description of tMs instrument 'v\’’ill be submitted 
to the Association at Exeter. 

Attention is likewise directed to a paper to bo communicated by Mr. 
Balfour Stewart to the Association at* the Exeter Meeting, entitled Bemarka 
on Meteorological Beductions, with especial reference to the Element of Va- 
pour ; ’’ separate copies of which will be at the disposal of Members. 

The following’ revised fees are charged for the rcrification of motoorological 
instruments at Kew : — 

s, d. 

Barometers (requiring index- and capacity-corrections) . , 10 0 
Ditto (not requiring capacity-correction — inches measured) 5 0 


Thermometers (ordinary) 1 0 

Boiling-point Thermometers 2 G 

Hydrometers 1 0 


3. Fliotohdlogm^pli. — The Bow Heliograph, in charge of Mr. Do La Buo, 
continues to bo worked in a satisfactory manner. During tlio past year 274 
negatives have been taken on 108 days : 40 pictures of the Pagoda in Kew 
Gardens, as a fixed terrestrial object at a known distance, have likowiso 
been taken, with the object of determining, by measurements of these 
pictures, which are taken in different parts of the field of tlio telescope, 
both the optical distortion of the sun-picturos and the angular diameter of 
the Sun. 

A paper communicated to the Boyal Society by Messrs. ’Warren Do La Buo, 
Stewart, and Loewy, entitled Besearches on Solar Physics. — Koliogrfqfiiieal 
Positions and Areas of Sun-spots observed with the Kew Pliotoholiograph 
during the years 1862 and 1863,” is the first of iho scries of reductions of 
the photographic solar records ; it is in the course of publication in the 
^ Transactions ^ and will shortly be distributed. 

It is hoped that, during next winter, a paper containing tlio hcliogiuphical 
positions and areas of the spots observed at Kew during the years 1864, 
1865, and 1866 may be cbmtnunicated to 'the BoyaV Society, as well as a 
paper representing, both numerically and 'graphically, the spotted area, of tlio 
sun during three complete solar periods, thb 'results' being partly derived 
from Schwabe*s aud partly from Carrington’s observations, in addition to those 
made with the Kew photoheliograph. 

Another paper by the above authors, entitled Account of sorao Beeent 
Observations on Bun-spots made at the Kow Observatory,” has likowiso boon 
ordered to be published in the ^ Philosophical Transactions.’ 

M, Berg, of the Wilna Observatory, has during the past year received 
instruction at Kew in the method of taking Bolar Idiotegraplm and in tiuit of 
measuring the positions and areas of sun-spots, the Director of the Obser- 
vatory with which he is connected being desirous of working along with 
Kew, and of following out the same methods of observation ns well as tho 
same researches. 

The number of sun-spots recorded after the manner of ’Hofrath Bchwabe, 
together with a Table exhibiting the monthly gi'oups ob.sorvecl at Dessau awl 
at Kew for the year 1868, have been communicated to the Astronomical 
Society, and published in their * Monthly Notices,’ 

We regret to mention that Hofrath Schwabo, owing to his great ago, has 
found it necessary to discontinue his observations ; but the CommittcH’» Imve 
satisfaction iu stating that arrangements have been made for contimiing, at 
Kew, the grouping of sun-observations which has been carried on for some 
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time according to Hofrath Schwabe’s plan, and for publishing the results^ 
annually. 

A minute comparison of the records of Hofrath Schwabe "with the simul- 
taneous photographic records at Kew has reyealed the great trustworthiness 
of his drawings, which are at present in the possession of Hew Observatory, 
The proposed communication already alluded to as representing the spotted 
area of the sun during three complete solar periods is thus rendered possible 5 
and while it is imagined that by this means a valuable record of the past will 
be obtained, it is hoped that the interest now displayed in solar research will 
secure the uninterrupted continuance of such a record for the future. 

4. Miscellaneous worh. — ^The Superintendent has recently received a grant 
of £60 from the Government-Grant Committee of the Eoyal Society for the 
purpose of continuing cei'tain experiments by Prof. Tait and himself on the 
rotation of a disk m vacuo ; and means are in progress for obtaining a nearly 
' perfect vacuum, Mr, Beckley, Mechanical Assistant at Kew, having devised 
an a] 3 paratus for this purpose. 

An account of preliminary ohsoryations made with Hater’s pendulum by 
the Superintendent, in conjunction "with Mr. B. Loewy, has been communi- 
cated to the Eoyal Society. 

The instrument devised by Mr. Broun for the purpose of estimating the 
magnetic dip hy means of soft iron, consfmeted at the expense of the British 
Association, remains at present at the Observatory awaiting Mr. Broun’s 
return to England. 

The Observatory was honoured on June 25th hy a visit from the eminent 
French chemist, M. Dumas, permanent Secretary of the Imperial Academy 
of Sciences, Paris, accompanied by M. Herve-Mangon. 

(B) WoBK Dom AT Kew as THE Oexteal Obseevatoet op the 
Meteoeoiogical Committee. 

The relation between the two Committees, the Kew and the Meteorolo- 
gical, has during the last year been definitely settled. 

The Kew Committee have undertaken to maintain the self-recording in- 
struments belonging to the Meteorological Committee in regular operation at 
Kew, to tabulato from the traces, and to forward the traces and tabulations 
once a month to the central office of the Meteorological Committee in London, 
where they will be finally reduced, under the supervision of the Dnector of 
that office. They have also sanctioned the employment of such assistance 
hy Mr. Stewart as may ho necessary to enable him to examine the records 
which arrive from the various outlying observatories of the Meteorological 
Committee in accordance with a plan which has been approved hy that body. 
Once a week, therefore, documents from these various observatories arrive at 
Kew, and about the middle of each month the documents for all the obser- 
vatories (including Kew) for the previous month, after having been well 
examined, are forwarded to the Meteorological Office with a few remarks, 
which are printed in the ^ifinutes of the Meteorological Committee. 

Besides these duties which they have undertaken, the Kew Committee are 
glad to render the Meteorological Committee any occasional assistance which 
it may be in their power to bestow. 

1. Worh done at K$w as one of the ObsoTvaform of the Meteorological Qom-- 
mittee, — This consists in keeping in constant operation the Barograph, Ther- 
, mograph, and Anemograph furnished by the Meteorological Committee. Mr. 
Baker is in cha,k^yof these instruments. From the first two of these instru- 
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ments traces in duplicate are obtained, one sot being sent to the Meteoro- 
logical Office and one retained at Kew ; as regards tbe Anemograph, the 
original records are sent, while a copy by hand of those on tracing-papor is 
retained. The tabulations from the curves of the Kew instruments are mado 
by Messrs. Baker, Page, and Foster. 

2. Yerijimtmi of Beconls, — ^In order to maintain uniformity in the system 
of observation at the various meteorological observatories, it is arranged by 
the Meteorological Committee that Mr. Stewart shall personally visit all tho 
observatories once every year, in addition to which, when necessary, some 
one of the Eew assistants will occasionally visit particular stations with a 
specific object in view. At the request of the Meteorological Committee, 
a system of checks has been devised by the Kew Committee for testing tho 
accuracy of the observations mado at the different Observatories. This system, 
with slight modifications, is now in operation^*. As this revision takes place 
at Kew, it has been found necessary to engage an additional assistant for tbo 
purpose of undertaking it. Mr. Eigby has been engaged for this duty — Mr. 
Baker, Meteorological Assistant, having tho general superintendence of this 
department. 

3. OGcaBimial Amstance, — In addition to devising the system of chocks 
mentioned above, the Kew Committee have also, at the request of tho 
Meteorological Committee, examined the subject of instrumental verifica- 
tions, and it has been found that, owing to improved construction, ta higher 
standard of excellence in meteorological instruments may be insisted tipon 
without rejecting more than a very small percentage of thoso furnished by 
good makers. 

It has therefore been resolved by the Meteorological Committee that iu 
future the following limits of error shall bo allowed in tho construction of 
their instruments ; — 

Manm Sarometm of the pattern adopted hj the Meteorological Office.^ 
Eeject aU for which the index-error at the ordinary pressure is greater 
than '015 inch, or the capacity-error greater than *004 inch, or for which 
the mercury does not fall from 1| inch to I inch above the present pressure 
in a time between 3 and 6 minutes. But for larometers purpo 7 ^tm/ to be 
standards, reject aU. for which the index-error at the ordinary presWo is 
greater than ’010 inch. 

Thermometer's {graduated on the stem) of the pattern adopted hy the MeUo^ 
rohgical Eeject all in which tho largest error at any point is greater 

than 0°*3, or in which any space of 10® is more than 0°'3 wrong. 

Eydrometers of the pattern adopted hy the Meteorological Offm, — Eeject all 
in which the largest error at any point is greater than 1 division of the soalo 
(equal to -001 sp. gr.), or in w’'hioh any space of 10 divisions is more than 
0*6 division wrong. 

Models of Pantagraphic Apparatus, designed by Mr. Galton, have been 
made and experimentally used at Kew, at the desire of the Meteorological 
Committee, to reduce the tracings of tho self-registering instruments in mij 
desired proportions, either in length or in breadtli, with a view to the ulti- 
mate publication by that Committee of all tho tracings supplied by the sovcm 
Observatories in a compact volume. 

. It may a3so Ije mentioned, under the head of Occasional Assistance, that 
at the request^ of the Meteorological Committee, Mr. Beckley, Mechaancal 


* ^ soheme, laviag been fixtracted, with permission, from the 
rological Committee, win be found m the Appendix to tins Report. 


iteporc 01 mo motco- 



KEPORT OE THE KEW COkMITTEE. 



xlix 


o 

O 


o 

Pw 

OQ 


15 

I 


§ 


.3 

I 


o 

CO 


CO 


1869, 



1 


REPORT — 1869, 


Assistant, "was sent to Armagh to examine the Barograph there, and to Sand- 
wick-manse, Orkney, to superintend the erection of an anomomoter. The 
expenses have, on both these occasions, been repaid by the Meteorological 
Committee, 

In conclusion, the Kow Committee desire to bring under the notice of the 
British Association, that the system of automatic records established and in 
actual work at the Kew Observatory, comprehends magnetic, barometric, and 
therinomctric observations, as well as those of the direction and velocity of 
the wind, to which an electric solf-recordiiig instrument will soon bo added. 
They think that it would bo very advanitigeous to magnctical and meteo- 
rological seicnec if a fully illustrated work were published dcsciiptivc of these 
instruments, and of the method of working them, together with the method 
of reductions actually employed. 

J. P. GASSIOT, Ghaiman. 

Kew Observatory, 
loth July, 1SC9. 

APPENDIX. 

A DEscRiPTioN of the Means adoj)ted by the Meteorological Com- 
mittee for ensuring Accuracy in the Numerical Values 
obtained from their Self-recording Instruments. 

(Extracted, with pei'mission, from the Eeport of tlio Mctoorologioiil CominiU(‘c.) 

In the first Eeporfe of this Commitieo the principles of coustrnefion of their 
self-recording instruments were fully described, and enough was said to ren- 
der it probable that good results would bo obtained ^ but tlie final iru^iliod 
of tabulating from the traces of these instruments was not then decided on, 
nor had any scheme boon devised for ensuring accuracy in the tabulated 
numerical values. 

The labours of the Committee in this department liave been materially 
aided by suggestions from the superintending Committee of iho Cetilral (Kow) 
Observatory, and also from the Directors of the various outlying observatories, 
and as a result the Committee are now satisfied that the }>rocoss of examina- 
tion to which the tabulated values are subjected before reaching the central 
office is such as to afford a satisfactory guarantee of accuracy. 

^ It may be a fitting sequel to the description of these instruments (already 
given), to give here an account of the method adopted for cnsuiing accuracy 
in the results which they afford. 

In the first place, the nature of the various instrumental errors and the 
best method of avoiding these may with propiicty ho described, atid in the 
next place it may be desirable to give in detail the code of rogulations 
adopted by the Committee for the guidance of their various observatories. 


BAROGRAPn, 

vducs of atmospheric prossm-o derived from this instramcTit aro 
liable to have their accuracy affected by three causes ; - 

,(1) By an imperfect temperature compensation. 

? slnggish action of the mercuiy in the Barogi’aph tube. 

(o) By imperfection in the system of recording and tabulating, 

Fm^eraiure com^emition.— The method hy which the Barographs aro 
compensated for temperature has been deseiibed in the Eoport of the 
Meteorological Ummitteo for the year 1807. The precise position of the 
Mcram of the glass rod was determined hy moans of some preliminary oxpe- 
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riments made at Xew upon the first Barograph. These experiments consisted 
in subjecting the instrument to a very considerable range of temperature 
artificially produced, while frequent compaiisons of its indications with those 
of a Standard Barometer gave the means of determining approximately 
what ought to be the position of the fulcrum. It may be presumed that the 
determination thus arrived at cannot be wrong more than one-tenth of the 
whole, and assuming this to he the case, the next point is to find 'what is the 
actual daily temperature range at the various observatories. 

The following’ Table exhibits both the mean and the maximum daily range 
for each month for each ol the seven observatories up to the end of 1868. In 
all these, with the exception of Stonyhiirst, a night observation is made of 
the temperature of the Barograph at 10 o’clock, hut the result will show that 
in- Stonyhiirst such an observation is unnecessary. It ought here to be borne 
in mind that from the system adopted in these instruments, namely, constant 
reference each day to a standard, it is only the daily range of temperature 
that we have to consider. 

Daily range of temperature, in degrees Fahrenheit, as given by the 
ohsorvation hours. 


i 868 . 

Aberdeen. 

Armagh. 

Falmouth. 

G-lasgow. 

Pew. 

Stonyhurst. 

Yalencia. 

i 

Maximum. 

Mean. 

Maximum. 

1 

Maximum. 

i 

Maximum. 

Mean, 

i 

a 

1 

S 

a 

1 

Mean, 

Maximum. 

January 







1*9 

4*9 



0*2 

0*8 


... 

February ... 


... 



... 


1*4 

3-0 

0*9 

1*7 

0’2 

0*6 



March 





... 

... 

1*7 

4*3 

0*9 

17 

0'2 

1*6 

... 

... 

April 

%'i 

37 



... 

... 

1*6 

3*4 

i*i 

3*1 

01 

0*6 


... 

May 

1*9 

5*0 



1*4 

3*0 

1-4 

3*0 

1*4 

3*3 

0*2 

0*6 



June 

Z'l 

3*7 



1-7 

67 

1*9 

4*1 

1*5 

3*7 

0*4 

1*8 


... 

July 

3*0 

4.-8 



1-9 

3*6 

Z'l 

4*4 

2*0 

5*6 

0*8 

3*0 



August 1 

i’9 

3“^ 

1*7 

3*9 

17 

2*8 

1*9 

4*8 

2*7 

7*0 

0*5 

1*3 

1*4 

a-S 

September ... 

a'3 

4-6 

I -8 

3-8 

I 8 

6*3 

2*2 1 

7 3 

2*4 

87 

0*5 

1*2 

1*2 

z'6 

October 

1*5 

a'5 

1-9 

3 6 

1*4 

3*0 

2*0 I 

6*0 

0*8 

1*8 

0*6 

2*7 

1*2 

27 

November ...i 

Z'l 

37 

1*9 

3*6 

1*4 

a-S 

1*3 1 

3*1 

I'O 

1*9 

0*7 

1*3 

I’Z 

2*4 

December ... 

Z‘0 

6*3 

1-4 

Z'Z 

i-i 

a-3 

1*3 1 

1 

4*9 

0*9 

2*5 

0*7 

2*4 

1*0 

4*3 


Prom the results of this Table it would appear that, assuming the tempera- 
ture adjustment to be onc-tenth wrong, the greatest error introduced from 
this cause into any of the observations during the year 1808 w^ould be about 
0’0024 in., while the mean monthly error would be inappreciable in all 
cases. 

"We may therefore with confidence presume that in these Barographs the 
method of tabulation exemplified in thoBcport for 1867 and now practised is 
sufiiciently accurate to obviate all effects of changes of temperature, and that it 
is unnecessary to resort to that more complicated but perfect system of reduc- 
tion alluded to in the same Eeport, by which the infiuonco of temperature 
may be completely eliminated. The near correspondence between the simul- 
taneous Standard and Barograph readings, as exhibited in page Ivii of this 
Eeport, is another proof that the temperatme correction is practically perfect. 

Bhr/ghhiess of Memmj . — As the Barograph tube is always in perfect 
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repose, and the adhesion of the mercury to the glass is not counteracted b}" 
tapping or moving the tube, it is desirable to test the results obtained in order 
to see if the indiieiice of adhesion causes a perceptible sluggishness of the 
mercury. The Standard Barometers, to which in all cases the Barographs 
are referred, are, on the other hand, subject to motion, and are probably 
sufficiently moved in the oijcration of reading to counteract any sluggishness 
of the moreury. 

ISTow, four or five times each day, while the light is cut off from the re- 
cording cylinder of the Barograph by the clock arrangment, the Standard 
Barometer is read. We can thus compare these standard readings with the 
simultaneous measurements of the Barograms, these latter being of course 
properly tabulated, converted into true inches, and the residual correction 
applied as described in the Beport of the Meteorological Comiuitteo for 1867. 

Should there he any sluggishness in the mercury of the Barograph wo 
might expect to discover it by means of this comparison, for in such a case 
the Barograph would lag behind, and thus read too low witli a rising and too 
high with a falling barometer. 

If therefore we presume that the Standard Bai'omctcr is free from slug- 
gishness, and denote its readings by S, and those of the Barograph by B, 
then S— 'B ought in the case of sluggishness of the Barograph to bo jxwUve 
for a ri$ui^ and ner/ative for falling barometer. 

Several months’ observations have been discussed in this nuinner for each 
of the observatories, and the result is exhibited in the following Table ; — 


Name of 
Observatory. 

Montlis used. 

S-T 3 (Bavo- 
luetor rising). 

S-B (Bnro- 
meter fulling). 

Aberdeen 

Armagh 

Palmouth 

Grlasgow 

Ivew 

Stonyhurst 

Valencia ^ 

July to December 

^September to December , . . 

August to December 

July to December 

January to June 

January to Juno 

August to November 

ill. 

-1-0*000 33 
+0*00045 
+o’ocoo6 

+0X00^7 

4-0*00027 

—0*00042 

+0*00005 

in. 

— 0XC028 
—0*00032 
— 0*00020 

1 —0*00025 

—0*00019 
+0*00058 
4*0*00015 


Prom this Table wo see how inappreciable in all the observatories is the 
retai'dation of the Barograph Barometer as comparod with the Standard, 
while in Stonyhurst the Standard even appears to bo a trifle more ndarded 
than the Barograph Barometer. 

Errors of recorduirf and tahdaVuig , — Under this head we may inchido 
(A) errors of adjustment and attachment of paper, (B) errors of and 
date, (C) errors in tabulating from the traces. To begin with the first of 
these : — 

(A) Errors of adjustment and aUachmeni ofpa-per. 

Want of definition arising from an imi)ropcr adjustment of the lens ought 
to be noticed, but it is believed that the definition is good in the case of all 
observatories. As tho instrumental constants for all the* various Baro- 
graphs have now been determined, it would hardly seem expedient to altcjr the 
position of the lens, which would alter these constants, for the purpose of 
procuring greater perfection in definition. 

The photographic sheet which is attached to the cylinder of the Barograph 
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ouglit to be evenly put on Tvitliont any lagping or Inlying ; as, if it bulged, 
besides giving a bad result, it might como into contact ^dth the end of the 
temperature adjustment bar. 

Care ought to be taken that there is no want of light, especially in the case 
of a low barometer and finally, great precaution should bo taken to avoid 
Jinger-marlcs and every species of had jgliotograjfJiy , 

(E) Errors of Time and Bate, 

Suppose that the sheet has been placed in an unexceptionable manner 
upon the barograph cylinder, the next point is for the operator to set the 
instrumental clock before starting* to correct Greenwich mean time, as given by 
his chronometer. Now the instrumental clock has an arrangement for cutting 
off the light for four minutes every two hours, beginning to do so two minutes 
before an even hour and ending two minutes after it, and the practice is for 
the observer to read the Standard Earometer about five times every day at 
periods two minutes after even hours, as ascertained by his chronometer, or 
when the light should be about to be restored after having been cut off by the 
clock-stop. If therefore the instrumental clock keeps good time and its stop 
acts, and if the observer reads the Standard Barometer correctly and afc the 
proper moment as ascertained by his chronometer, and if he finally reduces 
liis curves properly, the near coincidence between the corresponding* curve 
and Standard readings will bo a good practical test, not only that all these 
opei'ations have been properly performed, but also that throughout the curve 
the instrumental clock keeps good time with the chronometer. A further 
cheek with regard to time is afforded by the comparison made between the 
chronometer and the instrumental clock at the moment when the curve is 
taken off the cylinder, the results of which are recorded on the curve. 

The clock may sometimes possibly stop, or the clock- stop may go wrong. 
Without discussing minutely these possibilities, it may bo sufficient to state 
that when any such misadventure occurs the curve ought to be inspected by 
the Director of the Central Observatory. 

There still remains the question of date. The security that a curve is 
rightly dated dependvS ultimately on the strong* improbability that an obser- 
ver at any of the observatories should make a mistake with regard to the 
first day of the week. AVhen therefore ho returns the Barograph journal 
filled up, we may bo quite certain that the observations oiitorod on the line 
with Sunday wore really made on that day, although he may possibly put 
the wrong day of the month on the form beside it. 

Again, the photographic operator when he takes off* a curve, should mark 
on the back in pencil tlie day of the week and month when the eurve was 
taken off*, and should also, after drying, Avrito upon its face the hour and day 
of putting on and taking off as recorded by tlio journal. If, therefore, the 
accuracy of the observer in assigning the proper day of the month to Sunday 
bo chocked at Kew as cadi week’s journals are transmitted to that establish- 
ment, and if it also bo seen that the date written in pencil on the back of the 
curve corresponds to that Avritten on its face, and if the times of starting* and 
ending of the emwo as described in front are found to agree with the curve 
itself as measured by a sinixile time-scale, there can hardly bo any doubt that 
the curve has been properly ilated; if there still remaiu any doubt it aauII bo 
dispelled when the tabulations from that ciutc are examined and it is found 
that the tabulated readings agree avcII with the simultaneous readings of the 
Standard Barometer. 
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(0) E)*Tors hi tahiilating fpo'^n the traces. 

It in the first place, be necessary to discuss some arrangement for en- 
suring the entry under the proper date into the tabulation forms of the mca- 
surem^ents from each curve ; for oven supposing that by the method now do- 
scribocl we can ensure the proper dating of the curve, yet the tabulations from 
this curve may bo ciitei'od uiidor the wrong* date in the iabalatiou form. 

The appropriate cheek would sooni to bo the independent entry from the 
journal of the Standard readings rediieod. Tor if either of these two iiidc- 
penclciit entries be wrongly made, this will ho scon by a non-coincidcnco 
of the reduced readings when compared wdth the simultaneous Standard 
readings. Our security becomes, therefore, the security which we have that 
these two independent readings cannot both be erroneously entered, and this 
may be converted into a certainty if the assistant at the Central Observatory 
sees that tho journal readings arc entered under their proper dates into the 
Barograph tabulation forms. 

Having thus ascertained tho entry into the tahulaiioii forms under their 
proper dates of tho tabulations and of the reduced standard readings, we come 
next to inquire wdiat check there is for accuracy of tahuhtmn ) and hcj'O wo 
may consider separately tho cases of large and sratill errors. 

But before proceeding to this part of tho subject it may ho desirable to say 
a few w’orcls regarding the system of Barograph iahulation, 

Tho progress ixuiclo in tabulating tho Barograms up to tho dale of publica- 
tion of the last Report of tho Committee has been described in that Report. 
The first operation is to moasiu*e by the aid of a simple tabulating in.sta’ii- 
ment, carrying a scale with a voniicr att.achod to it, and caipahlo of being 
read to the thousandth of an inch, the whole depth of the Barogram for every 
hour. 

This system is nevertheless laborious, implying two measurements and one 
subtraction for each hour, besides tho application of tables of eouverHion, 
and the consequence is the liability to make an occasional xnistakc. But 
although at first it is absolutely necessary to have in tho case of tho 
Barograph a tabulating instrument moasuting inches, in order by its means 
to determine the constants of each instrument, yet when onoo these instru- 
mental constants have been accurately determined, it lias been found ser- 
viceable to replace the tabulating instrument by another which gives tho true 
pressure in one measurement, instead of requiring two measuj*omeuts, one 
subtraction and one conversion. Instruments of this nature have ])oeti ob- 
tained by this Committco for their various ohservaiorios, by whitdi tho Jalionr 
of tabulation has been greatly reduced and accuracy of result much in- 
creased. 

ISTcvertheless there is still tho liability to make an occasiomil blundin*> and 
as this may take the shape of a largo erroi*, it is necessary to devise >seino 
means for detecting and obviating all such mistakes. 

The best remedy appears to he the use of a simple kind of siibsidiaiy iiibu- 
iatmg instrument, consisting of an ivory scale having a hreacUh e<]uaf to one 
hour of the time-scale, by means of which the hotirly doptli of tho Barogrum 
may be read to the hundredth of an inch. If these readings ho compared 
with the readings taken independently by tho tabulating iristrurac!it, any 
error in the latter will he at once discovered ; for the errors to wdiich tho 
tabulated measurements are liable are such as five hundredths of an Inch, or 
one-tenth of an errors of a large size, which may easily bo cletcctod by 
the system of sudsidiary measui’oment. 
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^ The following is an example of a day’s comparison after this method, ex- 
hibiting an error which has thus been brought to light ; — 


August 20 th. 

Tabulated reading 
from weekly tabu- 
lation sheet to the 
nearest hundredth. 

A. 

Subsidiary ta- 
bulation with 
ivory scale. 

J 3 . 

A— B in 
hundredtbs 
of an inch. 

I A.n 

30*22 

30*21 

+ i 

a „ 

*22 

*22 

0 

3 

*21 

*21 

0 

4 

*22 

•23 

— I 

5 » 

*22 

*22 

0 

6 „ 

*23 

•22 

H-r 

7 

•24 

•24 

0 

8 „ 

•25 

'^5 

0 

9 » 

•25 

■25 

0 

10 

•26 

•26 

0 

II 

•26 

*27 

— I 

Noon 

‘26 

•27 

— I 

IP.M 

•as 

•25 

0 

2 „ 

•25 

•25 

0 

3 ,, 

•26 

'27 

— I 

4 

•25 

*26 

— I 

5 

•25 

•25 

0 

6 » 

*34 

'34 

— 10 Error. 

7 

•24 

•24 

0 

8 „ 

•24 

‘25 

— 1 

9 »> 

•25 

•26 

— I 

10 ,, 

•24 

•24 

0 

II jj ■ 

•24 

*24 

0 

Mklniglit 

30’24 

1 

30*25 j 

1 

— I 


It ought to be remnrkcd as ncccssaiy to tlio coinplolcucss of the check, 
that the observer should lirsl of all b}" incaus of his subsidiary ivory scale fill 
in column B, and then (meanwhile concealing B from his view) fill in column 
A from the ordinary tabulation sheets. The correctness of the column A— B 
should bo tested at the Central Observatory. 

Having by this means obtained correct tabulations, the next point is to 
cheek the accuracy with which the residual correitlon has been obtained and 
applied (see Eeport for 1807 , page 40 ). And first, with regard to the method 
by which it is obtained, the latest practice has been to calculate it for each 
da,y separately, making the day begin at 11 a.m. The advantage of this ar- 
rangement is that each fresh pa])er, which is ahva 5 ’s put on between 10 and 
11 A.M., will have its own residual correction The accuracy of ealcu- 
latiou of this correction ought to bo checked, and such a check may bo 
devised out of the practice pursued at Kew, of taking the mean montbly 
difference between simultaneous readmgs of the Standard and Barograpli 
readings corrected. If these differences arc taken for each day apart, 
beginning the day at 11 a.m. and giving each differeneo its appropriate sign, 
then the residual correction may be presumed to be accurate, when for 
that day there are as many Qiiinm as phis differences. Also, when any 
such difference exceeds, say, *005 of an inch, the accuracy with which the 

^ A Sjpecial arrangement regarding the residual correction has been made for Sundays 
and those days on which there are few observations of the Standard Barometer. 
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Standard readings have been reduced to ought in this case to bo ex- 
amined. When a Standard reading is evidently wrong it ought to bo noted 
as such on the curve, and should not bo made use of either in calculating the 
residual correction or the monthly mean difFcrcnce between the Standard 
and Barograph readings. By applying both the above tests any error in the 
calculation of the residual correction will be detected, and ought to ho remedied 
at once. Having by this means obtained an accurately calculated rcbidual 
correction, the accuracy with which this is applied to the various hours ought 
to be tested by the How assistant, who, obscuring from his view the coluam 
which embodies the values after the residual correction lias been applied, 
should independently apply it on a separate piece of paper, thus producing 
a new column of corrected pressure, ‘which ought to bo compured with the old 
one ; any error discovered b}'' this comparison should be corrected at once. 
Before leaving this subject, it ought to be stated that the tabulating instru- 
ment as well as the subsidiary ivory scale arc so arranged as always to ensure 
reading the proper point of the curve for every odd hour. 

Should any portion of the curve bo too faint for moasurcnient with the 
ordinary tabulating instrument, but not too faint for measurement with the 
ivory scale, it ought to he measured with this^ scale, applying to the mea- 
surements so obtained their own appropriate residual eorreciion. Such read- 
ings ought to be specially noted in the tabulation forms. 

Should any part of the curve bo deficient from want of Vajlit or (my other 
cause, it ought not to bo inked in. If the deficiency lie in the border' of the 
temperature curve, it will be possible to correct it, but if it bo in the baro- 
metric curve, this cannot ho done. 

All curves in which Iho cloclc lias stopped or the eloch^siop lias been out of 
action, should be personally inspected by the Director of the Central Obser- 
vatory, in order that he may ascertain if the tabulations have been properly 
made. 

Pinally, it is right to state that the accuracy of the method of checking 
the tabulated values now described, has been practically confirmed by the 
month of October at Kew being independently measured by two observers. 
The results of the two sets, when compared together, arc found to differ very 
slightly from one another, the greatest dihcronce being *008 in., which may 
he supposed to denote a difTerenco in each of *004 on either vside of the tnith. 
This extreme difference only occurs three times in the coxirso of the mouth, 
that is to saj”, in 744 observations. 

The method of subsidiary tabulations now doscribed is thus proved to be 
effective in discovering the larger errors that the observer is liable to make 
'when he measui*es the curve. But to ensure an cfheient standard of correct- 
ness, it is not only necessary that the larger errors Bhould bo altogolher 
eliminated,^ b-ut smaller errors should be rcdTiccd to a minimunn Thus an 
observer might bo sufficiently cautious in reading his scale to make no large 
error, yet sufficiently incautious to read erroneously when he came to tho 
third Sgui’e of decimals. Tor rough results such an o})server might bo 
reckoned a good one, but for the more delicate class of investigations his 
figures would be of less value. 

The only way of perfectly eliminating this class of errors is for fwo' inde- 
pendent observers to make separate measurements, each with a tabulating 
instniment, a course involving much additional labour and expense. But it 
is obvious^ that the Standard Barometer affords a ready approximate means 
of estimatmg the correctness of an observer’s results. Tor should he be an 
incautious observer, the mean difference between the simultaneous readings 
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of the Standard and the Barograph Barometer -will he comparatiyely great, 
hut if he both observe his Standard and measure his curves well, the mean 
difference will he small. 

The following Table exhibits the results of monthly compansons between 
simultaneous Barograph and Standard readings for the year 1868 for all the 
observatories. 


Mean Differences between Barograph and Standard Eeadings. 



Aberdeen. 

Armagh. 

Falmouth 

Glasgow. 

Kew. 

Stonyhurst. 

Valencia. 

1868 . 

in. 

in. 

m. 

ill. 

m. 

in. 

in. 

January 








February 




0*0045 

0*0027 

'*‘*0032 

0*0032 


March 




0*0070 




April 

0*007? 



0*007? 

0*0027 



May 

0*0032 


0*0042 





June 

O*O02Q 

0*0049 

0*0029 

0*0076 

0*0021 

0*0021 


July 

0*0032 

0*0045 

^ r 1 
0*0020 

0*0027 

0*0032 


August 

0*0031 

0*0033 

0*0032 

0*0038 

0*0025 

0*0023 

0*0033 

September 

0*0023 

0*0031 

0*0041 

0*0031 

0*0025 

0*0025 

0*0027 

October 

0*0028 

0*0029 

0 CO24 

0*0030 

0*0017 

C*C028 

0*0031 

November 

0*0019 

0*0024 

0*0017 

0*0029 

0*0015 

0*0019 

0*0038 

December 

I 0*0022 

0*0022 

0*0022 

0*0028 

o*coi8 

0*0030 

0*0033 


It is imagined that the mean differences shown by this Tabic have for all 
the observatories by the end of the year reached a minimum value not much 
larger than would be obtained by two obseiwers reading the same Standard, 
or % the same observer reading it twice. 

But ■while the simultaneous readings of the Standard and Barograph Baro- 
meter affoi'd ns one means of testing the correctness of the observation mea- 
surements, they do not yet do quite enough ; for, in the first place, these 
simultaneous differences may be caused in part by an instrumental error or 
by some local peculiarity, such as rapid heaving of the barometer, and in 
the next place, an observer may unconsciously bestow a greater amount of 
pains upon these measurements, Avhich are simultaneous with Standard read- 
ings, than lie docs upon his other measurements, and the above differences 
may not therefore bo a true representative of his general correctness. A 
certain number of remeasuremciits of the curves of each observatory should 
therefore be made at the Ccntial ObscrTatcry, and the monthly mean differ- 
ence between these and the corresponding measurements by the local observer 
bo recorded 

* It v/as not until the various ohservatorics had been supplied with their improved 
tabulating instrument that the final method of making these measurements was decided 
on. Since the beginning of 18(59 tho plan has been to make for each month for each 
observatory forty reincasurcments of the curve at Hew, obtaining also independently the 
residual correction. These final values are then compared with the corresponding values 
obtained at the outlying observatories, and the result of this comparison for the first 
three months of 18G9 has been as follows : — 

Mean Difference between 1st and 2nd Measurements. 



Aberdeen. 

Armagh. 

Falmouth. 

Glasgow. 

Kew. 

Stonyhurst. 

Valencia. 

1860. 

Januaiw 

in. 

0*0020 

0*0030 

0*0024 

in. 

0*0017 
0*0025 
0*0021 1 

in. 

0*0026 

0*0023 

0*0025 

in. 

0*0022 

0*0022 
0*002 6 

in. 

0*0012 
0*0023 
0*00 1 8 

in. 

0*0029 
0*003 1 
0*0030 

in. 

0*0017 

0*0026 

0*0025 







Iviii 


EEPORT — 1869. 


TnEEMOGRArH. 

The accuracy of the Thermograph results is liable to bo cloranged by three 
causes : — 

(1) By a cause depending on the situation and exposure of the instru- 

ment. 

(2) By instnimontal deficiencies, and especially the arrangements con- 

nected with the wot bulb. 

(3) By a deficient system of tabulation. 

Situation of Instrxmients, 

The situation of their various Thermographs Tvas a point carefully con- 
sidered by the Meteorological Committee, and there is no reason to think 
tlxat the effect of local peculiarity is considerable in the case of any of their 
instruments. 

In the [Report for 1807 this subject was alluded to, and tlio result of 
simultaneous comixarisons made at ICew between the readings of tv/o sets of 
dry and wet bulbs was given for the month of February, one of these sets 
being placed in a frame detached from the main building of the obscrvalory, 
and tbo thermometers having very small bulbs, the other sed heing the wet- 
and diy-btilb Standard Thennoraoters of the Therm ogra.])b fniino, 

Tho result seemed to indicate that the local pocuharity of ciibor frame 
was comparatively small; indeed, taking the avonigo of tho month, there 
was no residual cliffcronco between tlie dry bulbs, while, on tho whole, tho 
Thermograph v^ct bulb stood 0°T2 higher than tho other. 

A similar comparison made for tho month of July gave no residual clitfer- 
onco either for the dry or Avet bulbs. 

Br. Bobinson, of Armagh, has likewise made a similar comparison betAveen 
bis ThermograxAh dry bulb and another Thermometer placed at a higher 
elevation, and has obtained as tho result of 150 observations made during 
the months of April and May, a mean difference indicating that the Thermo- 
graph Thermometer read on tho Avhole 0^*27 less ilum the other, "While 
this difference is not large, Dr. Eobinson is of oimiion that tlio upper ther- 
mometer is more liable to be affected by the sun, and that the Thermograph 
Thermometer is in consequence tho most correct. No other tjbscrvjilions 
haA^e been made on the subject. 

Jnsfmmcntal Be/lci envies. 

The mt-hulh armufjements are peculiarly liublo to go wrong, and tho fol- 
loAS'ing course of action is suggested in order to reduce this source of cjtoj' to 
a minimum. 

Tho Standard Thermometers should bo read at least fiA'c times a day at 
those moments when the light is exxt off by the clock arrangement. Tho 
light remains out off by this arrangement for four minutes, and it is neces- 
sary to read tho Standard Thermometers at the heginning of this interval ; 
the exact points in the curves corresponding to certain knoAvn readings of 
the Standards may thixs be detemined. lA'hcii the Standards arc road, tho 
observer onght to notice if both wet bulbs are acting properly. If l-olh arc 
right, the sign ^ Bhould barnacle after the recorded temperature of tlio AA^et 
Standard. If tho l^ermogmph wet bulb is wrong, tho sign I should ho 
made, and if the St^ihdard wef-bulb is wrong, the sign Either wet bulb, 
if found wrong, ought to bo put\iight at once. Should it ha|>pen that the 
wet bulbs are frozen at the momenf^of observation, the present temperature 
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being also below 32°, cold water sboiilcl bo poured over tbo wet bulbs and 
the connecting strings. In a few minutes the wet bulbs will by this means 
be covered with a fresh, coating of ice ; this should be repeated if necessary. 
If this operation is performed two or three times a day during very cold 
weather, there is reason to believe that the wet bulb will always be covered 
with a sutheient coating of ice. But if the wet bulb and the water of the 
water-vessel bo frozen from previous cold, the present temperature being 
above 32^^, the icc of the water-vessel may be thaw^cd by warm water, using 
no more than is necessary for the purpose. 

If these regulations be followed during the cold months of the year, it is 
believed that there arc comparatively few instances where we may not know 
the temperature of evaporation during frost. 

During dry weather the wet-bulb arrangement is again liable to go wrong, 
although from a different cause. The thread, which in the arrangement 
adopted lies along a copper groove, gets dry in its passage from the water- 
vessel to the bulb, the capillary action ceasing. Sometimes it apparently 
rights itself without aid, but sometimes it continues wrong until it is put 
right at the next observation bonr. The commencement and termination of 
such a wrong state of the 'wet bulb are generally so clearly indicated by the 
curve itself, that there appears to be little or no uncertainty in ascertaining 
w’hat observations ought to bo rejected. This action would best appear to be 
prevented by the use of an india-rubber tube lying along the metallic groove, 
and having one end dipping into the water of the water-vessel ; and through 
this tube the thread ought to bo carried in its passage from the w^ater- vessel 
to the thermometer. Evaporation is thus avoided, and the arrangement 
will probably answer in winter, When the supply of water is too rapid, it 
may be easily and safely altered by turning up the tube. 

Even when the action of the wet bulb is unexceptionable, water must fre- 
quently be added to tbo water- vessel. It is usual for this water to have the 
temperature of the air ; but iu- cases of a great difference between the two 
bulbs, thi^ will be much above tbo temperature of evaporation j the con- 
sequcuco is found to be, that in sueb cases there is a rise in tlio wet-bulb 
curve which, in extreme cases, may not completely right itself until a quarter 
of an hour has elapsed. This cau only he remedied by each observatory 
doing all in its power to ensure that under such circumstances the water 
supplied to the water-vessel shall represent as nearly as possible the tem- 
perature of the w^'et bulb at that moment, and also that the supply of water 
from the water-vessel to the ’wet bulb shall bo no greater than is necessary 
to keep the bulb thoroughly damp without dripping. 

AYith regard to other deficiencies, it will only be necessary to remark here 
such as arc peculiar to the Thermograph, since all those common to this in- 
strument and the Barograph have already been stated under the head of the 
latter. 

Ill the first place, it should be noticed that there is sufficient light to illu- 
minate the whole range of the curve in a projicr manner. In order to ensure 
this, and at the same time procure the best possible definition, the heights of 
tlie thermometers may, as occasion requires, and wuthout detriment to the 
instrument, be altered so as to bring the mean temperature of the time into 
a central position with respect to the lens and light. This change ought, 
however, to be made as seldom as possible (perhaps twice or thrice in a year), 
and when made great care ought to be taken that there is no strain upon the 
wet-bulb Thermometer through tightness of the thread, whether arising 
from frost or any other cause. 
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Errors in Trace and Tabulation, 

The arrangement proposed for ensuring the entry tinder the ]}ro'per date 
into the tabulation forms of the measurements of the Thermograph curves, 
and of the Standard readings corrected, is almost precisely the same as that 
stated in the case of the Barograph. 

Having ascertained the entry into the tabulation forms under their proper 
dates of the tabulations, and of the Standard readings corrected, we come in 
the next ];)laco to consider the check npon accuracy of tahidation, and here, 
as in the case of the Barograph, it will bo necessary to consider separately 
large and small errors. 

In the first place, with respect to la7'ge errors, in order to prevent entirely 
their occurrence, it is necessary to resort to the system of subsidiary tabula- 
tions. An instrument for this purpose has been devised at Kew. It is un- 
necessary here to state its principle of construction ; suffice it to say, that 
the results furnished by it arc used in the same manner as in the case of the 
Barograph ivory scale already mentioned. By this moans correct columns 
of tabulated readings may he obtained. Again, with regard to the Standard 
readings, all that appears to be nccessaiy is to examine both the accuracy of 
entry of the Standard reading corrected, and the accuracy of tabulation for 
all those cases in which the recorded Thermograph temperature is more than 
half a degree different from the corresponding Standard reading, and to make 
any coirection that may be found to be necessary. 'When a Statidard rend- 
ing is evidently wrong, it ought to be noted as such on the curve, and should 
aiot be made use of in calculating the monthly mean difference bctwciui 
Standard and Tliormograph readings. Before leaving this subject, it ought 
to bo stated that the tabulating instrument as well as tlio subsidiary scale, 
are both so arranged as to ensure reading the proper point of the curve for 
every odd hour. 

It ought to be noted that, in tabulating from the Thermograph curves, the 
tabulating instrument should he set from those observation hours wlierc 
there is little thermometric fiuctuation. 

All the dry'-hnlb readmgs ought to he comjgared with the corresponding wet^ 
hulb ones, and should the latter ever appear higher than the former, the ease 
ought to he marked. 

The maximum and minimum temperatures furnished by the outlying ob- 
servatories ought to be checked. 

All large errors may, it is hoped, be completely obviated by the means now 
described. 

With regard to small errors, the plan adopted is the same as that for the 
Barograph, viz. : — 

(1) To record the monthly mean difference between the simultaneous 

Standard and Thermograph readings. 

(2) To make forty renicasuremcnts from each month’s curves at Kcw. 

The following Table exhibits the results of the method employed for test- 
ing the accuracy of the Themograph tabulations as regards small errors i — 
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It is believed that the results of this Table afford satisfactory evidence not 
only of the accuracy with whiclr the Standard Thermometers are read, 
but also of the accuracy of tabulation Irom the traces. A tendency in the 
monthly mean differences to decrease from their first values at starting* will 
bo noticed in the case of all the obsorvatorics. 

Akemookami, 

Tlie accuracy of the Anemograph Is, like tliat of the Thermograph, liable 
to bo deranged by three causes : — 

(1) J3y a cause depending on the situation and exposure of the instru- 

ment. 

(2) By instrumental deficiency, such as friction. 

(3) By deficient traces and tabulations. 

Sitmtlon of Instmments. 

These instruments arc placed on the highest points of the various obser- 
vatories, and as tar as possible out of the reach of local inflnences. The 
exposure may therefore be considered good in tlio case of all the obsor- 
vatorics. 

Imtnimental Deficiencies, 

Friction is the most important of iliose, and may bo supposed to affect to 
a small extent both the records of direction and velocity. The axle of the 
direction-van 0 moves in a wooden bearing, Avhich is saturntod with oil. it 
is bcliovod that when the instniment is regularly attended to, the fiiction 
conscquciit upon tins arrangement can be kept very small. 

As regards the inlluencc of friction n]) 03 'i the velocity-records, this has 
been dotorrained in the case of the Kew instrument, and also by Dr. Itobin- 
son for his AncmogTa]>h, which has been for many years in operation. The 
following friction coefficient has been adopted, with the concuiTonco of Di% 
Eobinson, as applicable to the records of all the Anemographs heloiiging to 
the Meteorological Committee : — > 

Observed. railes. niilos. 

For velocities from 0*0 1 n -t r 
to 

t. lo'-S} 

Errors of Trace mid Tabidatlon, 

It ought to ho noticed that loth (he direction-’ and the vehciiif’-iun^clh arc 
working well and freelj^ on the paper. 

It is also to bo noticed that, for all tho observatories except Falmouth, 
^0 needle on the cylinder goes through the centre of the crosses marked on 
the metallic paper. 

In Falmouth tho velocity-pencil is slightly out in position, and in con- 
sequence that observatory has been directed to set to a point which is not 
quite in the centre of the crosses. Tho Fahnoiith instrument lias also been 
oriented for this position of setting. A note of tho projmr position of setting 
for Falmouth is preserved at Kew, and tho assistant thoi-c ought to inspect 
each Falmouth Anemogram to see that it has been properly sot. 
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"With regard to date^ each curve vrhen taken off the cylinder should have 
both the day of the v^cek and of the month written upon it, and when it 
reaches Kew it ought to be inspected by the assistant there in order to see 
that the observer has attached the proper day of the month alongside the 
day of the week. 

He should also see that the week’s curves sent are dated consecutively. 

Yyhth regard to time^ a prick made in the small time-scale of the metallic 
sheet denotes in terms of the hour-lines ruled on this sheet, the moment of 
starting, and a similar prick that of taking off. These pricks ought to denote 
the true chronometer times of starling and taking oil very nearly, if the in- 
strumental clock has been properly regulated. All sto;pimyes of the instru- 
mental chch ought to he marked. 

It ought also to he noticed that the cylinder is luell clcmipedy otherwise the 
friction of the pencil upon the cylinder may occasionally overcome that of 
the clamp, in which case the cylinder will slip. 

With regard to errors of tahdation, the assistant at Kew ought in the first 
place to ascertain that the cun^e is tabulated under its proper date. Probably 
an intelligent inspection of the direction- and velocity-records in connexion 
with the tabulated results wiU be sulHcient to determine this point. 

A simple system of sulsidiary tahidatlons has been adopted in order to 
check the direction-results. The observer at the outlying observatory is 
requested to write down on a separate sheet in numbers the direction of the 
wind at each hour as read from the curve by his eye, and compare it, as in 
the case of the Earogj'aph and Thermograph, with the tabulated results. The 
differences between the two columns or A — B ought to be inspected at Kew, 
and when they arc greater than iivo points the case ought to be examined, 
and any error detected ought to be corrected at once. With respect to direc- 
tion, fractional parts of a point ought not to he recorded. 

%With regard to velocity -traces^ the action of the instrument is such as to 
give by a giauce at a curve the whole space travelled over by the wind for 
that day. Perhaps, therefore, it will bo a sufficient check upon the velocity- 
records if, in addition to an intelligent comparison of the traces and tabula- 
tions, each day’s results are added up and the sum total compared with that 
derived by glancing at the curve. When the difference between these two 
daily sum totals is greater than one-twentlefh of the luliole, the tabulated velo- 
cities for that day ought to he gone over again, and if any error is detected 
it ought to be put right at once. , 

It is probably unnecessary to check the recorded oscillations, as these are 
of inferior scientific value, and additional labour bestowed upon tlioin would 
appear to be super fiuous. 

Pinally, in order to keep a check upon small errors^ the system of making 
at !Kew forty remeasurements for each month, both for direction and velocity^ 
has been adopted. 

The following Table exhibits the results of the method employed for testing 
the accuracy of the Anemograph tabulations as regards small errors* 

It wiE he seen from this Table that the standard of accuracy as repre- 
sented by the smallness of the mean monthly differences has gradually in-* 
creased up to the end of the year. 
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The ^emograph of Br. Bobiasoa is somewhat different from the others, and it is only since the beginning of 1869 that the method of checking his results 

has been finally decided on. 
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Code of E/EGitlations adopted by the Meteorological Committee 
for ensuring Accuracy in tbe Results derived from tbeir Self- 
recording Instruments. 

In tbe first place a set of rules bave been framed for tbe guidance of tbe 
various observatories, including tbe Central Observatory at KeTr. Secondly, 
a set of forms bave been constructed on wbicb to register tbe deficiencies and 
mistakes in tbe returns from tbe various observatories, copies of wbicb when 
filled up are forwarded to tbe Directors of these observatories on tbe one 
band, and to tbe Meteorological Office on tbe other. Thirdly, a diary of 
operations has been constructed, from wbicb each observatory may know tbe 
times at wbicb tbe various documents ought to be sent to Kew. ^Fourthly, 
bach month’s results are laid before tbe Meteorological Committee, accom- 
panied with tbe remarks of tbe Director of tbe Central Observatory, wbicb are 
then printed in tbe minutes of that body^. 

Regulations foe Barograph. 

Outlying Ohservatory. 

(1.) Tbe curves, journals, and tabulation forms to be written upon accord- 
ing to the pattern furnished. 

(2.) Always begin a new month with new forms. The curves and forms 
are to be numbered consecutively from tbe beginning of tbe year, 
as will be seen from tbe diary. 

(3.) Clock to be set to Greenwich mean time at starting, and its error 
not to exceed two minutes in two days. 

(4.) Tbe Barograph Thermometer and tbe Standard Barometer, and its 
attached Thermometer, ought to be read five times a day if pos- 
sible while tbe light is cut off by tbe clock- arrangement. The 
light remains cut off by this arrangement for four minutes, and it 
is necessary to read the Standard Barometer at the end of this 
interval — the exact points in tbe curve corresponding to certain 
known readings of tbe Standard may thus be determined. It ought 
to be noticed when tbe Standard is heaving or oscillating. 

(5.) Tbe instrument should always be started between 10 and 11 a.m. 
Greenwich mean time on those days mentioned in tbe diary. 

(6.) Every change made in tbe instrument, every stoppage of clock, &c., 
and all peculiarities in tbe curve, noticed by the observer, should 
be inserted in the journal under tbe bead of Remai'ks,” with the 
exact time attached thereto. Should tbe height of tbe Barometer- 
cistern be altered, or any change made wbicb will affect tbe curve, 
this ought, as already mentioned, to be noticed ; it is, however, 
considered that all such changes ought to be avoided. 

(7.) The previous week’s curves, journals, and tabulations should be sent 
to Row every Thursday, as mentioned in tbe diary. 

^ In these remarks there is recorded, amongst other things, each blank in tbe traces 
during the month. The following were the blanks for Eebmary 1869 : — 

Anemograph (direction) 10 hourly records lost out of 4704. 

Ditto (velocity) 20 ,, » >, 4704. 

Barograph,.... 13 „ „ 4704. 

Thermograph (dry bulb) 3 „ „ „ 4704. 

Ditto (wet bulb), *12 „ „ 4704. 

1869. e 
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Central Observatory {Assistant), 

(8.) The assistant at Kew shall examine each cnrye in order to see if 
there is any want of light or appearance of bagging, or of iinger- 
marks, or of had photography, and he shall occasionally see that 
the temperature bar is in proper action. 

(9.) He shall see that the clock and clock-stop have been in good action 
for the time of the ctirve. 

(10.) That the instrumental clock docs not differ more than two minutes 
from the chronometer as recorded on the curve. 

(11.) That the date written on the back of the curve agrees with that on 
the face. 

(12.) That the curve is properly written upon after the pattern. 

(13.) That in the Barograph Journal the proper day of the month is placed 
alongside of Sunday, and that the others follow consecutively. 

(14.) That the times of starting and stopping the curve as recorded in the 
journal have been properly recorded on the face of the curve. 

(15.) Pinally, he shall ascertain, by moans of a simple inspection of the 
curve, that the beginning and ending, as shown by the curve itself, 
are the same as those described on the face of the curve. 

(16.) He shall see that the journal readings of the Standard Barometer 
are entered under their proper dates into the Barograph tabulation 
sheets. 

(17.) Then examine in a general manner the accordance of the Barograph 
and Standard readings for each day. If these two tests bo satis- 
factory, ho may conclude that the tabulations and Standard read- 
ings have both been entered under their proper dates. 

(18.) Check the accuracy of the subtractions made in the tables of sub- 
sidiary measurements furnished by the outlying observatojy. 

(19.) Investigate all cases where A — B is greater than *02 in. ; if an error 
be revealed in the tabulations, this error ought to bo corrected at 
once. These corrections ought to bo made before the next stop in 
the process is commenced. 

(20.) Then ascertain the accriracy with which the residual correction has 
been found according to the method described, and whenever it 
has been found necessary to alter the residual correction, a cor- 
rection should also be made in the last column of the tabulation 
papers. 

(21.) Then check after the manner described the accuracy with which the 
residual correction has been applied, producing a new column of 
corrected pressure, which he shall compare with the old one, and 
any error discovered by this comparison shall be corrected at once. 

(22.) Portions of the curve too faint for the ordinary instrument, but 
capable of being measured by the ivory scale, shall be measured, 
corrected, and marked as specified. 

Central Observatory (Director), 

28, The assistant at Kew shall bring all curves and tabulations which 
exhibit deficiencies personally before the Director of the Central 
Observatory, and the latter shall make the necessary i*emarks on 
the curves and tabulations, or cause thorn to bo made, and shall 
communicate all oases of failure to the Meteorological Committee 
on the one hand and to thd Director of the observatory whore the 
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failure occurred on tlie other, making any remark that may tend 
in his estimation to obyiate in future the cause of failure. 

(24.) He shall also communicate as above the monthly mean differences 
between the Barograph readings reduced, and the simultaneous 
Standard readings. 

(25.) He shall also communicate as above the result of forty remeasure- 
ments for each observatory for each month, to be made at Hew, 
noting (1) the greatest difference, (2) the mean difference irre- 
spective of sign, (3) the residual difference (if any), taking signs 
into account. 

EeGULATIOITS EOR TflEEMOGRAPH, 

Outlying Observatory, 

(1.) The curves, journals, and tabulation forms to be written upon accord- 
ing to the pattern furnished. 

(2.) Always begin a new month with new forms. The curves and forms 
are to be numbered consecutively from the beginning of the year, 
as will be seen from the diary. 

(3.) Clock to be set to Greenwich mean time at starting, and its error not 
to exceed two minutes in two days. 

(4.) The Standard Thermometei's should be read at least five times a day 
at those moments when the light is cut off by the clock-arangement. 
The mode of dealing with, the wet bulb has been akeady de- 
scribed, p. Iviii. 

(5.) The instrument should always be started between 10 and 11 a.m. 
Greenwich mean time, on those days mentioned in the diary. 

(6.) Every change made in the instrument, every stoppage of clock, tc,, 
and all peculiarities in the curve noticed by the observer, should be 
inserted in the journal under the head of Eemarks,’’ with the 
exact time attached thereto. 

(7.) The muslin and connecting threads ought to be taken off the bulbs, 
washed and replaced as often as they become soiled. 

(8.) The previous week's curves, journals, and tabulations should be sent 
to Hew every Thursday, as mentioned in the diary. 

Central Observatory (Assistant), 

(0.) The assistant shall examine each curve in order to see if there is any 
want of light, bagging, finger-marks, bad photography, or defective 
action of wet hnlb, during however short a space of time. 

(10.) He shall see that the clock and clock-stop have been in good action 
for the time of the curve. 

(11.) That the instrumental clock does not differ more than two minutes 
from the chronometer as recorded on the curve. 

(12.) That the date written on the hack of the curve agrees with that in 
front. 

(13.) That the curve is properly written upon after the pattern adopted. 

(14.) That in the Thermogra])h Journal the proper day of the month is 
placed alongside of Sunday, and that the others follow conse- 
cutively. 

(16.) That the times of starting and stopping the curve as recorded in the 
journal have been properly recorded on the face of the curve. 

e 2 
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(16.) He shall ascertain, by means of a sinij)lo inspection, that the be- 
ginning and ending, as shown by the curve itself, are the same as 
those described in front of the curve. 

(17.) That the journal readings of the Standard Thermometer are entered 
under their proper dates into the Thermograph tabulation sheets. 

(18.) He shall examine in a general manner the accordance of the Ther- 
mograph and Standard readings for each day. If these two tests 
be satisfactory, ho may conclude that the tabulations and Standard 
readings have both boon entered under their proper dates. 

(19.) Check the accuracy of the subtractions made in the tables of the 
subsidiary measurements. 

(20.) Investigate all cases in which A — B is greater than Fahr . ; 
and if an error is revealed, it ought to he corrected at once. 

(21.) Examine both the corrected Standard reading and the corresponding 
tabulated one for all those cases in which there is a difference 
greater than 0°-5 between the two. 

(22.) Compare the dry-bulb readings with the corresponding wot ones, 
marking and examining aU those cases in which the latter appear 
higher than the former. 

(23.) Check the accuracy of the maximum and minimiini temperatures 
furnished by the outlying observatories. 

(24.) Eecord tho monthly mean differences between the simultaneous 
Standard and Thermograph readings. 

(25.) Make forty remeasurements as specified. 


Central Ohservatorij (Director), 

(26.) The assistant at Kew shall bring before the Director of tho Central 
Observatory all curves, with their corresponding tabulations, that 
are deficient from any cause, and tho Director shall make tho ne- 
cessary remarks on the curves and tabulations, or cause them to 
be made, and shall communicate all cases of failure to the Meteo- 
rological Committee on the one hand, and to the Director of the 
observatory where tho failure occurred on tho other, making any 
remarks that may tend in his estimation to obviate in future the 
causes of failure. 

(27.) The Director of the Central Observatory shall also comnuinicaie as 
above the monthly mean differences between the simiiUuneous 
Thermograph and Standard readings, as well as tho roRiili of the 
forty romeasurements made at ICow. 


Eegtjiations i^'ob Anemocrato. 

Oidlymg Ohservatory, 

(1.) Tho curves and tabulation forms to be written upon according to tho 
patterns furnished. 

(2.) Always begin a new month with new tabulation forms. Tho curves 
and forms are to ho numbered consecutively from the beginning of 
the year, as will he seen from the diary. 

(3.) The pricks on the curve, when compared with tho Greenwich mean 
times of commencement and taking off, ought to agree with tlio 
latter within five minutes at each end* 
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(4.) The curve should be taken off at 10^ and a new one replaced 

if possible at 10^ 32”^, Greenwich mean time. 

(5.) Every change made in the instrument, every stoppage of clock, &e., 
and all peculiarities in the curve noticed by the observer, should 
be recorded on the blank part of the sheet of metallic paper, with 
the exact time attached thereto. The orientation should be tested 
once a month. 

(6.) The previous week's curves and tabulations should be sent to Kew 
every Thursday, as recorded in the diary. 

C&iitml Observatory (Assistanf). 

(7.) The assistant at Xew shall examine each curve in order to see if both 
pencils work well and freely, and if the paper has been accurately 
attached to the cylinder, and if the cylinder has not sUpped. 

(8.) He shall see that the clock has been in good order during the time of 
the curve. 

(9.) That the curve is properly written upon after the pattern adopted. 

(10.) That in the writing upon the curve the proper day of the month is 
placed alongside the day of the week. 

(11.) That the times of putting on and taking off as recorded by the 
pricker do not differ more than five minutes from the chronometer 
time. 

(12.) He shall inspect the direction- and velocity-curves in connexion with 
the tabulated results, in order to ascertain that each curve is 
tabulated under its proper date. 

(13.) Check the accuracy of the subtractions made in the tables of the 
subsidiary direction measurements. 

(14.) Examine aH cases in which A — B is greater than two points ^ and if 
an error is revealed it ought to be corrected at once. 

(15.) Cheek the accuracy of the velocity tabulations, according to the 
method herein indicated. 

(16.) Make forty remeasuroments for each month, both for direction and 
velocity, as in the case of the other instruments. 

Central Observatory {Biredor), 

(17.) The assistant at Kew shall bring before the Director of the Central 
Observatory all curves, with their corresponding tabulations, that 
are deficient from any cause, and the Director shall make the neces- 
sary remarks on the curves and tabulations, or cause them to be 
made, and shall communicate all cases of failure to the Meteoro- 
logical Committee on the one hand, and to the Director of the ob- 
servatory where the failure occurred on the other, making any 
remarks that may tend in his estimation to obviate in future the 
causes of failure. 

(18.) The Director of the Central Observatory shall also communicate as 
above the result of the forty rcmcasurements made at Hew. 
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I.— WEEKLY FORM FOR REGISTERING DEFICIENCIES. 


BAROGRAMS, &c. 


Tabulation No. 

(lleceived at Keiu, .) audjjorrcKiionding 

V ^ Docunieuls, 


Points noticed at Kew. 

Results and Remarks. 

1. Deficiency in number of documents sent . . . 

2. Errors in numbering and witing upon them 

(A.) Want of liglit in curves 

(B.) Bagging in do 

(0.) Finger-markS; A:c., in do 

3. Action of clock 

4. Regulation of do. . 

(D.) Action of clock-stop ‘ . 

5. Errors in dating curves 

(E.) Do. in entry or date of entry of journal readings 
of standard into tabulation sheets . . , , 

6. Do. in date of entry of tabulated readings into 

tabulation sheets . 

7. Do, of subtraction in subsidiary tables . . , ' 

8. Do. of tabulation discovered by subsidiary tables 
((?,) Bo. in calculating residual correction .... 
(d.) Do. in ai^plying residual correction .... 

9. Ten romcasuvements . . , 

(1.) Greatest difference 

(2.) Mean difference irresj^cotlve of sitjn , . . 

(3.) Residual difference 
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n.— WEEKLY FORM FOR REGISTERING EEFICIENCIES. 


THERMOGRAMS, &c. 


(Beceived at Km,_ 




Tabulation No. 
and eorres];)Onding 
Documents. 


Points noticed at Kew. 

Eesults and Eemarks. 

1. Deficiency in number of documents sent . . . 

2. Errors in numbering and writing upon them 

(A.) Want of light in curves 

(B.) Bagging in do 

(C.) Einger-markS; &o., in do 

(a.) Defective action of wet bulb 

3. Action of clock 

4. Eegulation of do 

(D.) Action of clock- stop 

5. Errors in dating curves 

(E.) Do. in entry or date of entry of journal readings 

of standard into tabulation sheets . . ♦ . 

6. Do. in date of entry of tabulated readings into 

tabulation sheets ......... 

7. Do. of subtraction in subsidiary tables . . . 

8. Do. of tabulation discovered by subsidiary tables 

(6.) Do. in maxima and minima ....... 

9. Ten remcasurements 

(1.) Greatest (liffemice , . . . . ’ . . . . 

(2.) Mean difference irres][)ective of sign . . . 

(3.) Eesidml difference ........ 
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III.— WEEKLY FORM FOR REGISTERING DEFICIENCIES. 


ANEMOGRAMS, &o. 


(Received at Kew, 


.0 


Tabulation No. 
and corresponding 
Documents. 


Points noticed at Kew. 

Results and Remarks. 

1. Deficiency in number of documents sent . . . 

2. Errors in numbering and writing upon them . 

(e.) Action of pencils 

(/.) Errors of attachment of paper 

(^.) Slipping of cylinder 

3. Action of clock 

4. Regulation of do 

5. Errors in dating curves 

6; Do. in date of entry of tabulated readings into 

tabulation sheets 

7. Do. of subtraction in subsidiary tables . . , ' 

8. Do* in direction discovered by subsidiary tables , 

(k,) Do. in velocity discovered by subsidiary arrange- 
ment 

9 (a,) Ten remeasurements (direetmi) .... 

(1.) Greatest difference 

(2.) Mean difference irrespective of sign . . 
(3.) Residual difference 

9 (b.) Ten remeasurements {velocity) 

(1.) Greatest difference 

(2.) Mean difference irrespective of sign . , , 
(8.) Residual difference , 





Specimen of Diary of Operations for 1869. JANUARY. 


Day of Month. 


No. of Bar. and 
Ther. sheets taken 
off this day. 

No. of Anem. 
sheet taken off 
this day. 

'2 § ^ . 

Send to Few. 


Day of Week. 

No. of Joumt 
and Tabnlatio 
ending this dc 

Bar. and 
Ther. 
Curves, 
Nos. 
inclusive. 

Anem. 

Curves, 

Nos. 

inclusive^ 

Journals 

and 

Tabula- 

tions, 

Nos. 

Weather 

E^>ort 

for 

Eemarks. 

I. 

Friday ... 

I 

1 







Z, 

Saturday... 


2 

I 






3* 

Sunday... 

2-3 

3 







4. 

Monday ... 


4 







5- 

Tuesday ... 

4’5 

5 







6. 

Wednesday 


6 







7 * 

Thursday. . 

6-7 

7 

... 

I to 3 

I to 3 

1 



8. 

Friday ... 


8 







9- 

Saturday... 

8-9 

9 

2 






10. 

Sunday... 


10 







II. 

Monday ... 

10-11 

11 







JZ. 

Tuesday ... 


12 







13* 

Wednesday 

12-13 

13 







14. 

Thursday. . 


14 

... 

4 to 11 

4 to 10 

2 



15- 

Friday ... 

14-15 

15 







1 6. 

Saturday... 


16 

3 




/ 

Kew to scud 









in docu- 

17. 

Sunday... 

16-17 

17 






ments for 
December 

18. 

Monday . . . 


18 






18G8tothe 

central 

19- 

Tuesday ... 

18-1 9 

19 





\ 

office. 

zo. 

Wednesday 


20 







21. 

Thursday. . 

20-21 

21 


12 to 17 

11 lo 17 

3 



12. 

Friday ... 


22 







23* 

Saturday. . , 

22-23 

23 

4 






24. 

Sunday... 


24 







25. 

Monday ... 

24-25 

25 







26. 

Tuesday ... 


26 







27. 

Wednesday 

r 26-27 

27 







2$. 

Thursday, . 


2$ 

... 

18 to 25 

; x8 to 24 

. 4 



29. 

Friday ... 

, 28-29 

29 







30. 

, Saturday... 


30 

s 






V' 

. Sunday.. 

, 30-31 

31 

6 
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1 

*8 



}±j 

^ a .i 

Send to Few. 


Day of 
Week. 

— 

« m.S 

lls 

*3 ^ ffl 


'No. of Joiirna 
and Tabulatio 
ending this da 

Bar. and 
Ther, 
Curves, 

Ancm. 

Curves, 

Journals 

and 

Tabiila*" 

Weather 

Boport 

Kemarks. 

1 



4ll 

Kos. 

inclusive. 

inelusivo. 

lions, 

Kos, 

for 


I. 

Monday , . . 


33 







2 . 

Tuesday ... 

3^-33 

33 







3-' 

W'ednesday 


34 







4* 

Thursday. . 

34^35 

35 


26 to 31 

25 to 31 

5 



5- 

Friday ... 


36 







6. 

Saturday . . 

36-37 

37 

7 






7- 

Sunday.. • 


38 







8. 

Monday . . . 

38-39 

39 







9' 

Tuesday . . . 


40 







10. 

Wednesday 

40-41 

41 







11. 

Tliursday. . 


42 


3a to 39 

32 to 38 

6 and 7 

January 


xz. 

Friday ... 

42-43 

43 







13* 

Saturday . . 


44 

8 






14. 

Sunday... 

44-45 

45 







IS- 

Monday ... 


46 







IS, j 

Tuesday ... 

46-47 

47 







17. 

Wednesday 


48 







18, 

Thursday. , 

48-49 

49 

... 

40 to 45 

39 to 45 

8 



J9* 

Fadday ... 



50 







ao. 

Saturday . . 

50-51 

51 

9 






ai. 

Sunday— 


52 





1 

ICew to scud 
in January 

aa. 

Monday ... 

52-53 

53 






doemnouts 
iotho central 

23. 

Tuesday ... 


54 





1 

olfioo. 

24. 

, Wednesday 

54-55 

55 







^5 

. Thursday.. 


S6 

... 

46 to 53 

46 to S3 

9 



a6 

. Friday ... 

' $6-57 

57 







27 

. Saturday. 


58 

lO 






28 

. Stiaday .. 

. 58-59 

59 

If 








RECOMMENDATIONS OE THE GENERAL COMMITTEE. ixXV 

Eecommendations adopted by the General Committee at the Exeter 
Meeting in Augitst 1869. 

[When Committees are appointed, the Member first named is regarded as the Secretary, 
except there is a specific nomination.] 

Involving Grants of Money, 

That the sum of £600 ho placed at the disposal of the Council for main- 
taining the Establishment of the Xovr Observatory. 

That the Committee, consisting of Dr. Jonlc, feir W. Thomson, Professor 
Tait, Er. Balfour Stewart, and Professor G. C. Foster, be reappointed to effect 
a determination of the Mechanical Equivalent of Heat ; and that the sum of 
£50 be placed at their disposal for the purpose. 

That the Committee for reporting on the Eainfall of the British Isles ho 
reappointed, and that this Committee consist of Mr. Charles Brooke, Mr. 
Glaisher, Professor Phillips, Mr. G. J. Symons, " Mr. J. E. Bateman, Mr. B. 
W. Mylno, Mr. T. Hawkslcy, Professor Adams, Mr. C. Tomliuson, Professor 
Sylvester, Hr. Pole, and Mr. Bogers Field; that Mr. G. I. Symons be the 
Secretary, and that the sum of £50 be placed at their disposal for the ordinary 
purposes of the Committee, and that a further sum of £50 be granted for the 
pui'pose of providing additional rain-guages in certain districts where obser- 
vations are not at present made. 

That the Committee on Underground Temperature, consisting of Sir William 
Thomson, Hr. Everett, Sir Charles LyeU, Bart., Principal Forbes, Mr. J. 
Clerk Maxwell, Professor Phillips, Mr. G. J. Symons, Mr. Balfour Stewart, 
Professor itamsay, Mr. Geikie, Mr. Glaisher, Bev. Hr. Graham, Mr. E. W^ 
Binney, Mr, George Maw, and Mr. PengeHy, he reappointed with the addi- 
tion of the name of Mr. S. J. Mackie ; that Hr. J. H. Everett bo the Secretary, 
and that the sum of £50 he placed at their disposal for the purpose. 

That the Committee on the Thermal Conductivity of Metals, consisting of 
Professor Tait, Professor Tyndall, and Hr. Balfour 'Stewart, be reappointed ; 
that Professor Tait be the Secretary, and that the sum of £20 be x>laced at 
tbeir disposal for the j)urpose. 

That the Committee on Tides, consisting of Sir W. Thomson, Professor 
Adams, Professor J. "W. M. Bankine, Mr. J. Oldham, and Captain Bichards, 
be reax)pointocl, with the addition of the name of Mr. W. Parkes, and that 
they be instructed to institute as soon as possible a comparison bet’weon the 
results of tho formuhn arrived at in their reports (those of observation and 
those of previous methods of reduction and calculation), and that the sum of 
£100 he placed at their disposal for the ]iiirpose. 

That the Committee on Luminous Meteors, consisting of Mr. Glaisher, 
Mr. B. P. Greg, Mr. E. W. Brayley, Mr. Alexander Hersehcl, and Mr. C. 
Brooke, be reappointed ; and that the sum of £30 he i)laced at their disi>osal 
for the iDurpose. 

That Hr. Matihiessen, Professor Abel, and Mr. Ha^id Forbes be a Com- 
mittee for the purpose of continuing their researches on the Chemical Hature 
of Cast Iron ; and that the sum of £80 be placed at their disposal for the 
purpose. 

That Mr. B. B. Grantham, Mr. J. Bailey Henton, Mr. J. B. Harrison, Mr. 
J. W. Wanklym, W. Hope, and Hr. B. H. Paid be a Committee for the pur- 
pose of continuing their irvestigations on the treatment and utilization of 
sewage ; and that the sum of £50 be jilaced at their disposal for the purpose. 

That Sir Charles LyeU, Bart., Professor Phillips, Sir John Lubbock, Bart., 
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Mr. Joha Evans, Mr. Edward Vivian, ITr. William Pcngolly, Mr. Goorgo Busk, 
Mr. W. Boyd Dawkins, and Mr. W. Ayshford Sandford bo a Committee lor 
the purpose of continuing the exploration of liicnt's Cavern, Torquay ; that 
Mr. Pengelly be the Secretary, and that the sum of cB150 be placed at thcii” 
disposal for the purpose. 

That Dr. P. M. Duncan and llw Henry Woodward bo a Oominiito<.‘. for the 
purpose of continuing their Eescarches on British Eossil Corals; that Dr. 
P. M. Duncan be the Bocrotaiy, and that the sum of £^)0 be placed at their 
disposal for the purpose. 

That Mr. Henry Woodward, Dr. Duncan, Professor Ilarkness, and Mr. 
James Thomson bo a Committee for the purpose of making and photogniX'>hing 
farther sections of such Mountain Limestone Fossils as require to bo cut in order 
to display their structure; that Mr. Woodward be the Secretary, and that the 
sum of £25 be iDlaeod at their disposal for the purpose. 

- That the Eev. W. S. Synionds, Mr. Lightbody, and the Ilcv. J. B, l.a 
Touche be a Committee for the purpose of investigating Sedimentary deposits 
in the river Onny ; that the Eev. J. B. La Touche be the Secretary, and that 
£d be placed at their disposal for the purpose. 

That Dr. Bryce, Sir W. Thomson, Mr. 1). Mihio-IIomo, andl^Lr. Maefarlano 
bo a Committee for the purpose of continuing the researches on l^larlliquakcs 
in Scotland; that Dr. Bryce be the Secretary, and that the sum of £i bo 
placed at their disposal for the purpose. , 

That Professor Huxley, Mr. Westroppe, and Mr. W. H. Baily ho a Com- 
mittee for the purpose of continuing the investigation of the fossil contents of 
the two Eiltorcan quarries, co. Kilkenny ; that Mr. W. H. Baily bo tbc 
Secretary, and tliat the sum of £20 bo placed at their disposal for the 
purpose. 

That Mr. W. S. Mitchell, Mr. Eobert Etheridge, Professor J. Morris, ]Vfr. 
G. Maw, and Mr. Henry Woodward be a Committee for the pur])oso of (con- 
tinuing the investigation of the Leaf-beds of tbe Lower Bagsliot S(‘rios of ilu^ 
Hampshire Basin ; that Mr. Mitchell bo the Secretary, and that the sum of 
.£15 be placed at their disposal for the purpose. 

That Dr. B. W. Eichardson, Dr. Sharpoy, and Professor Hnmx)hry be a 
Committee for the pixrposc of continuing researches on the physiological 
action of Organic Chemical compounds ; that Dr. Eichardson bo the Scoretury, 
and that the sum of £30 be placed at their disposal for the purpose. 

That Mr. W. Carriithors, Professor Balfour, Dr. J. D. Hooker, and Professor 
Dickson bo a Committee for the piu*posc of continuing iiivostigatiruis in Gio 
Fossil Flora of Britain ; that Mr. Carriithors be the Secretary, and that tine 
sum of £25 be placed at their disposal for the ])urposo. 

That Mr. Spence Bate, Mr. Joshua Couch, Dr. McIntosh, Mr. Rowe, and 
Mr. J. Gwyn Jeffreys bo a Committee for the imrposc of continuing tlnm* 
research on the Marine Fauna of Devon and Cornwall; that Mr. Spence Bah^ 
be the Secretary, and that the sum of £20 bo placed at their disposal for the 
purpose. 

That Mr. George Busk, Mr. H. T. Stainton, and the Eev. H. B. Tristram 
be a Committee for the purpose of drawing up a record of Zoological Litorattirc 
of 1869; that Mr. George Busk be the Secretary, and that the sum of £100 
be placed at their disposal for the purpose. 

That Mr. 0. Stewart, Di\ Gunther, and Mr. W. H. Flower be a Committee 
for the purpose of investigating tbe structure of the Ear in Fishes, and that 
Mr. Stewart draw up the Eeiiort on the subject, and that the sum of £10 bo 
jdaced at their disposal for the purpose. 
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That Dr. Arthur Gamgec, Mr. E. Eay Lankester, and Dr. M. Foster he a 
Committee for the purpose of investigating the amount of Heat generated in 
the Blood, in the process of arterialization ; that Dr. Arthur Gamgee be the 
Secretary, and that the sum of <£15 be placed at their disposal for the purpose. 

That the Metric Committee be reappointed, such Committee to consist of 
Sir John Bowring, The Bight Hon, Sir Stafford H. Horthcote, Bart., C.B., 
M.P., The Eight Hon. C. B. Addcrley, M.P., Mr. Samuel Brown, Dr. Farr, 
Mr.iVank P. Fellowes, Professor Franldand, Professor Hennessy, Mr. James 
Heywood, Sir Eobert Fane, Professor Leone Levi, Professor W. A. Miller, 
Professor Eankine, Mr. C. W. Siemens, Colonel Sykes, M.P., Professor A. W. 
Williamson, Mr. James Yates, Dr. George Glover, !Mr. Joseph Whitworth, 
Mr. J. E. Hapier, Mr. H. Dircks, Mr. J. Y. bT. Bazalgette, Mr. W. Smith, 
Mr. W. Fairbairn, and Mr. John Eobinson ; that Professor Leone Levi be 
the Secretary, and that the sum of £25 be placed at their disposal for the 
purpose of being ajDplied solely to scientific purposes, printing, and corre- 
spondence. 


Applications for Reports and Researches not involving Grants 

of Motley, 

That the Committee, consisting of Mr. E. J. Lowe, Professor Franldand, 
Professor A, W. Williamson, Mr. Glaisher, Dr. Moffat, Mr. C. Brooke, Dr. 
Andrews^ and Dr. B. Ward Eichardson, for promoting accurate Meteorological 
Observations of Ozone be reappointed with the addition of the name of Sir 
Edward Belcher. 

That Professor Sylvester, Professor Cayley, Professor Hirst, Eev. Professor 
Bartholomew Price, Professor H. J. S. Smith, Mr. W. Spottiswoode, Mr. E. B. 
Hayward, Dr. Salmon, Eev. E, Townsend, Professor Fuller, Professor Kelland, 
Mr. J. M. Wilson, and Mr. W. F. Clifford be a Committee (with power to add 
to their number) for the purpose of considering the possibility of improving 
the methods of instruction in elementary geometry, and that Mr. W. F. Clifford 
be the Secretary. 

That tho Committee on Electrical Standards, consisting of Professor 
Williamson, Professor Sir Charles Wheatstone, Professor Sir W. Thomson, 
Professor W. A. Miller, Dr. A. Matthiessen, Mr. Flceming Jenkin, Sir 
Charles Bright, Mr. J. Clerk Maxwell, Mr. C. W. Siemens, Mr. Balfour 
Stewart, Dr. Joule, Mr. C. F. Yarley, Professor G. C. Foster, and Mr. C. 
Hockin, be reappointed ; and that Professor Fleeming Jenkin be the Secretary. 

That Mr. Y^. H. L. Eussell be requested to continue his lleport on I'ccent 
progress in the theory of Elliptic and Hj’perclliptic Functions. 

That Dr. Frankland and Mr. MHcod bo a Committee for tho purpose of 
continiiing their researches on the composition of the gases dissolved in deep- 
well water. 

That Dr. Anderson and Mr. Catton be a Committee for the purpose of 
continuing the researches of Mr. Catton on the Synthesis of Organic Acids. 

That Mr. Mallet be requested to prepare a Eeport on the ascertained facts 
of Yolcanoes, on the general plan of his Eeport on Earthquakes. 

That Mr. H. E. Dresser, Eev. H. B. Tristram, Professor Newton, Mr. 
J. E. Harting, and the Eev. H. Barnes, be a Committee for the purpose of 
contimring investigations on the desirability of establishing a close time 
for the preservation of onr indigenous animals ; and that Mr. H, E. Dresser 
he the Secretary. 
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That Colonel Lane Fox, Sir John Lnbbock, Mr. Bnsk, Mr. Evans^ and Mr. 
StoYOns be a Committee for the imrposc of examining the interior of Stone- 
henge, with instructions to apply to Sir Edward Antrobiis for permission to 
do so. 

That the Committee on Agricultural Machinery, consisting of the Buko 
of Bueelouch, the llov. Patrick Pell, Mr. David Greig, i^fr. J. Oldham, Mr. 
William Smith, C.E., l^tr. Jlarold Jjltlodalo, Tlie Earl of Caithness, Mr. 
Eobert Keilson, ProLesHt)!* llankiiio, Mr. E. J. Praniwcll, Professor Willis, 
and ]!ilr. Charles Man by, be reappointed ; and that Messrs. P. Lo Neve PoBier 
and J. P. Smith bo the Secretaries. 

That the Committee on Boiler Explosions, consisting of Mr. W, Fairkiirn, 
Mr. Joseph Whitworth, Mr. Lavington E. Eicteher, Mr. P. J, Bramwcll 
(with power to add to their number), be reappointed with a view to their 
considering and reporting on any legislative measures which may be brought 
forward in reference to the prevention of sioam-hoilcr explosions. 

hiwhmj Appiicaiions to Government. 

That the President of the British Association, the President of the Geological 
Section, and Mr. Cod's^in- Austen, Vice-President of the Section, bo a Com- 
mittee for the purpose of calling the attention of Her IMajcsliy’s (Jovernmont 
to the importance of completing, without delay, the valuahlo investigation into 
the composition and geological distribution of the Kiematito Iroii Ores of 
Great Britain and Ireland, which has been already in part pnhlishcd in the 
Memoirs of the Geological Rurvey. 

That the Committee on the Laws regulating the Plow and Action of Water 
holding solid matter in suspension, consisting of Mr. T. Da-wksloy, Professor 
Eanldne, Mr. B. B. Grantham, Sir A. H. Waugh, and !Mr. T. Login, bo ro- 
appointed, with authority to represent lo Government the desirability of 
undertaldng experiments bearing on the subject. 

That the Committee appointed to report on the state of existing knowledge 
on the stahilitj/f propulsion and sea^going qualities of ships, and consisting of 
Mr. C. W. Merriheld, Mr. Bidder, Captain Douglas Gallon, Mr. P. Gallon, 
Professor Bankino, Mr. W. Proude, bo reappointed ; and that they bo in- 
structed to apply to the Admiralt}^ to make Iho experiments recommondod in 
their First Beport. 

Communications to he printed in e.xtcnso in the Annual Report of 
the Association. 

That Professor Magnus’s commixnication On the Emission, Absorption, 
and Bedoxion of Obscure Heat,” ])C printed in e.vtenso among iho B<‘poris. 

That Professor Morron’s communication On the Chomieal Action Lighi- 
discovered by Professor Tyndall,” be printed in enienso among the B(ports. 

That Mr. Glaishcr’s observations made by the Captive Balloon 1)o pub- 
lished in the Proceedings. 

That Mr. Frederick Pimdy^s jjapor on the Pressure of Taxation on Beal 
Property,” be printed in extenso among the Beports. 

That Mr. P. J. BramwelPs paper “ On the laws dotormining the fracture 
of materials when sudden changes of thickness take place*.,” bo printed in 
tenso in tlie Beport, 

That Mr. Joseph Whitworth’s paper On the penetration of Armour Plates 
by Shells with heavy bursting charges,” be printed in extenso in the Beport, 
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That Mr. Thomas Login’s paper On Boads and Eailways in Northern 
India as affected by the abrading and transporting power of Vater,” be 
printed in extenso in the Proceedings. 


Resolutions referred to Council hy the General Committee at Exeter, 

That the following Eesolntions be referred to the Council for consideration 
and action if it seem desirable : — 

(1) That the Council be requested to take into their consideration the ex- 
isting relations between the Kew Committee and the British Association. 

That the full inffuence of the British Association for the Advancement of 
Science should at once be exerted to obtain the appointment of a Eoyal Com- 
mission to consider — 

1. The character and value of existing institutions and facilities for 

scientidc investigation, and the amount of time and money devoted 
to such purposes. 

2. Vhat modifications or augmentations of the means and facilities that 

are at present available for the maintenance and extension of 
science are requisite ; and, 

3. In what manner these can be best supplied. 

(2) That Professor E. B. Clifton, Mr. Glaisher, the Master of the Mint, Mr. 
Huggins, Dr. Matthiessen, Professor "W. Hallows Miller, Hr. Balfour Stewart, 
Lieut.-Col. Strange, and Sir J. Whitworth, bo a Committee for the purpose 
of reporting on Metric Standards, in reference to the communication from 
Professor Jacobi, appended hereto; and that the Council be empowered to 
petition the British Government in the name of the Association if they judge 
it expedient to do so. 

‘‘ The Academy of Sciences of St. Petersburgh, observing that the Standard 
Metric Weights and Measures of the various countries of Europe and of the 
United States differ by sensible, though small, quantities from one another, 
express the opinion that the continuance of these errors would he higlily 
prejudicial to science. They believe that the injurious effects could not 
be guarded against by private labours, however meritorious, and they have 
therefore recommended that an International Commission be appointed by the 
countries interested, to deal with this matter. They have decided to bring 
the subject before the Eussian Government, and have appointed a Committee 
of their own Body, who have drawn up a careful Eeport containing valuable 
suggestions ; and they have deputed Professor Jacobi to lay this Eeport be- 
fore the British Association, and to request the Association to take action in 
reference to it.” 

(3) That the Council be requested to ascertain whether the action of Go- 
vernment in relation to the higher scientific education has been in accordance 
with the principles of impartiality which were understood to guide them in 
this matter ; and to consider whether that action has been well calculated to 
utilize and dovelope the resoiirces of the country for this end, and to favour 
the free development of the higher scientific education. That the Council 
bo requested to take such measures as may appear to them best calculated to 
carry out the conclusions to which they may bo led by these inquiries and 
deliberations. 

, (4) That the rules under which Members are admitted to the General Com- 

mittee be reconsidered. 
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the General Committee at the Eieeter Meeting in August 1869. 
The names of the Members who tvould be entitled to call on the 
General Treasurer for the respective Grants are prefiwed. 

Kew Observatory, £ 

The Council. — Maiiiiiiiniiig the Esiablishmoiit of Kow Obser- 
vatory 600 0 0 

Mathematics and Physics, 

^ Joule, Br. — Eemeasurement of the Dynamical Equivalent of 

Heat (renewed) 50 0 0 

^'Broohe, Mr. — British Bainfall 100 0 0 

^'Thomson, Professor Sir W , — Underground Temperature 50 0 0 

Tait, Professor. — Thermal Conductivity of Iron and other 

Metals 20 0 0 

^Thomson, Professor Sir 'W'. — ^Tidal Observations 100 0 0 

^'Glaisher, Mr. — Luminous Meteors 30 0 0 

Chemistry, 

^Matthicssen, Br. — Chemical Nature of Cast Iron 80 0 0 

^'Grantham, Mr. — Treatment and Utilization of Sewage 50 0 0 

Oeohyy, 

^Lyell, Sir C,, Bart. — ^Kent’s-Cavcm Exploration 150 0 0 

^Buncan, Br. P. M, — British Fossil Corals 50 0 0 

^'Woodward, Mr. H. — Sections of Mountain-Limestono Fossils 25 0 0 

Symonds, Eev. "W. B, — Sedimentary Deposits in the llivor Onny 3 0 0 

^Bryce, Br. — ^Earthquakes in Scotland (renewed) 4 0 0 

^Huxley, Professor. — Kiltorcan Fossils, Kilkenny 20 0 0 

^Mitchell, Mr. W. S. — Leaf-beds of the Lower Bagshot series , . 15 0 0 

Biology, 

^Eichardson, Dr. — Physiological Action of Organic Compounds 30 0 0 

'^'Carruthers, Mr. — Fossil Flora of Britain 25 0 0 

^Bate, Mr. Spence. — Marino Fauna of Devon and Cornwall , . 20 0 0 

^Busk, Mr, — Eecord of the Progress of Zoology 100 0 0 

Stewart, Mr. C. — Structure of the Ear in Fishes 10 0 0 

Gamgee, Br. — Heat generated in the Artcrialization of Blood 1 5 0 0 

Statistics and Economic Science, 

*^Bowringv Sir J. — ^Metrical Committee 25 0 0 


Total..,,.. J1572 0 0 


^ Roappointed. 
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General Statement of Sums which have been paid on Account of Grants 
for Scientific Purposes* 


& s, d. 

1834. 

Tide Discussions 20 0 0 

1835. 

Tide Discussions G2 0 0 

British Fossil Ichthyology 105 0 0 

£167 0 0 


1836. 

Tide Discussions 163 0 0 

British Fossil Ichthyology 105 0 0 

Thermometric Observations, &c. 50 0 0 

Experiments on long-continued 

Heat 17 1 0 

Rain-Gauges 9 13 0 

Refraction Experiments 15 0 0 

Lunar Nutation 60 0 0 

Thermometers 15 6 0 

“£434 14 0 


1837. 

Tide Discussions 284 1 0 

Chemical Constants 24 13 6 

Lunar Nutation 70 0 0 

Observations on Waves 100 12 0 

Tides at Bristol 150 0 0 

Meteorology and Subterranean 

Temperature.. 89 5 0 

Vitrification Experiments 150 0 0 

Heart Experiments 8 4 6 

Barometric Observations 30 0 0 

Barometers 11 18 6 

£918 14 6 


1838. 

Tide Discussions 29 0 0 

British Fossil Fishes 100 0 0 

Meteorological Observations and ® 
Anemometer (construction) ... 100 0 0 

Cast Iron (Strength of) 60 0 0 

Animal and Vegetable Substances 

(Preservation of) 19 1 10 

Railway Constants 41 12 10 

Bristol Tides 50 0 0 

Growth of Plants 75 0 0 

Mud in Rivers 3 6 6 

Education Committee 50 0 0 

Heart Expeiiments 5 3 0 

Laud and Sea Level 267 S 7 

Subterranean Temperature 8 6 0 

Steam-vessels........ 100 0 0 

Meteorological Committee 81 9 5 

Theimometers 16 4 0 

£956 12 I 


1839. 

Fossil Ichthyology 110 0 0 

Meteorological Observations at 

Plymouth 63 10 0 

Mechanism of Wave.s 144 2 0 

Bristol Tides,,,. 35 18 6 

1869 , 


£ s. d. 

Meteorology and Subterranean 


Temperature 21 11 0 

Vitrification Experiments, 9 4 7 

Cast-Iron Experiments..... 100 0 0 

Railway Constants 28 7 2 

Land and Sea Level 274 1 4 

Steam-vessels’ Engines 100 0 0 

Stars in Histoire Celeste 331 18 6 

Stars in Lacaille 11 0 0 

Stars in R. A. S. Catalogue 6 16 6 

Animal Secretions 10 10 0 

Steam-engines in Cornwall 50 0 0 

Atmospheric Air 16 1 0 

Cast and Wrought Iron 40 0 0 

Heat on Organic Bodies 3 0 0 

Gases on Solar Spectrum 22 0 0 

Hourly Meteorological Observa- 
tions, Inverness and Kingussie 49 7 S 

Fossil Reptiles 118 2 9 

Mining Statistics 50 0 0 

£1595“ 11 0 


1840. 

Bristol Tides 100 0 0 

Subterranean Temperature 13 13 6 

Heart Experiments 18 19 0 

Lungs Experiments 8 13 0 

Tide Discussions 50 0 0 

Land and Sea Level 6 11 1 

Stars (Histoire Celeste) 242 10 0 

Stars (Lacaille) 4 15 0 

Stars (Catalogue) 264 0 0 

Atmospheric Air 15 15 0 

Water on Iron 10 0 0 

Heat on Organic Bodies 7 0 0 

Meteorological Observations 52 17 6 

Foreign Scientific Memoirs ...... 112 1 6 

Working Population 100 0 0 

School Statistics 50 0 0 

Forms of Vessels 184 7 0 

Chemical and Electrical Pheno- 
mena 40 0 0 

Meteorological Observations at 

Plymouth 80 0 0 

Magnelical Observations 18.5 13 9 

£1546 16 4 


1841. 

Observations on Waves 30 0 0 

Meteorology and Subterranean 

Temperature 8 8 0 

Actinometers 10 0 0 

Earthquake Shocks 17 7 0 

Acrid Poisons 6 0 0 

Veins and Absorbents 3 0 0 

Mud in Rivers 5 0 0 

Marine Zoology 15 12 8 

Skeleton Maps 20 0 0 

Mountain Barometers 6 IS 6 

Stars (Histoire Celeste)...,,. 185 0 0 
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£ s. d. 

Stars (Lacaille) 79 5 0 

Stars (Nomenclature of) 17 19 (5 

Stars (Catalogue of) 40 0 0 

Water on Iron 50 0 0 

Meteorological Observations at 

Inverness 20 0 0 

Meteorological Observations (re- 
duction of) 25 0 0 

Fossil Reptiles 50 0 0 

Foreign Memoirs 02 0 0 

Railway Sections 38 1 6 

Forms of Vessels 193 12 0 

Meteorological Observations at 

Plymouth 55 0 0 

Magnetical Observations 01 18 8 

Fishes of the Old Red Sandstone 100 0 0 

Tides at Leith ...» 50 0 0 

Anemometer at Edinburgh ...... 09 1 10 

Tabulating Observations 9 6 3 

Races of Men 5 0 0 

Radiate Animals 2 0 0 

161235 10 11 


1842. 

Dynamometric Instruments 113 11 2 

Anoplura Britanniae 52 12 0 

Tides at Bristol 59 8 0 

Gases on Light 30 14 7 

Chronometers 20 17 0 

Marine Zoology 150 

British Fossil Mammalia 100 0 0 

Statistics of Education 20 0 0 

Marii^e Steam-vessels’ Engines... 28 0 0 

Stars (Histoire Celeste),,.. 59 0 0 

Stars (Brit. Assoc. Cat. of ) 110 0 0 

Railvray Sections 10 1 10 0 

British Belemnites.. 50 0 0 

Fossil Reptiles (publication of 

Report) 210 0 0 

Forms of Vessels 180 0 0 

Galvanic Experiments on Rocks 5 8 6 

Meteorological Experiments at 

Plymouth 68 0 0 

Constant Indicator and Dynamo- 
metric Instruments 90 0 0 

Force of Wind 10 0 0 

Light on Growth of Seeds 8 0 0 

Vital Statistics 50 0 0 

Vegetative Power of Seeds 8 1 11 

Questions on Human Race ...... 7 9 0 

^1449 17 8 


1843. 

Revision of the Nomenclature of 

Stars 200 

Reduction of Stars, British Asso- 
ciation Catalogue 25 0 0 


Anomalous Tides, Frith of Forth 120 0 0 
Hourly Meteorological Observa- 
tions at Kingussie andinverness 77 12 8 
Meteorological Observations at 


Plymouth 55 0 0 

Whewell’s Meteorological Ane- 
mometer at Plymouth ..M..,,, 10 0 0 


£ s, <7. 

Meteorological Observations, Os- 
ier’s Anemometer at Plymouth 20 0 0 

Reduction of Meteorological Ob- 

ervations 30 0 0 

Meteorological Instruments and 

Gratuities 39 6 0 

Construction of Anemometer at 

Inverness 56 12 2 

Magnetic Cooperation 10 8 10 

Meteorological Recorder for Kew 

Observatory 50 0 0 

Action of Gases on Light 18 16 1 

Establishment at Kew Observa- 
tory, Wages, Repairs, Furni- 
ture and Sundries 133 4 7 

Experiments by Captive Balloons 81 8 0 

Oxidation of the Rails of Railways 20 0 0 

Publication of Report on I'ossil 

Reptiles 40 0 0 

Coloured Drawings of Railway 

Sections * 147 18 3 

Registration of Earthquake 

Shocks 30 0 0 

Report on Zoological Nomcncla- 

tufo 10 0 0 

Uncovering Lower Red Sand- 
stone near Manchester 4 4 6 

Vegetative Power of Seeds ...... 5 3 8 

Marine Testacca (Habits of ) ... 10 0 0 

Marine Zoology 10 0 0 

Marine Zoology........ 2 14 11 

Pieparation of Report on British 
Fossil Mammalia ............... 100 0 0 

Physiological Operations of Me- 
dicinal Agents 20 0 0 

Vital Statistics 36 5 8 

Additional Experiments on the 
Forms of Vessels 70 0 0 

Additional Experiments on the 
Forms of Vessels ....... ........ 100 0 0 

Redu(;^ion of Experiments on the 

Forms of Vessels 100 0 0 

Morin’s Instrument and Constant 

Indicator 69 14 10 

Experiments on the Strength of 
Materials 60 0 0 


.*61565 10 2 


1844. 

Meteorological Observations at 
Kingussie and Inverness 12 0 0 

Completing Observations at Ply- 
mouth 35 0 0 

Magnetic and Meteorological Co- 
operation 25 8 4 

Publication of the British Asso- 
ciation Catalogue of Stars 35 0 0 

Observations on Tides on the 

East coast of Scotland 100 0 0 

Revision of the Nomenclature of 

Stars ...1842 2 9 6 

Maintaining the Establishment in 

Kew Observatory... 117 17 3 

lastrumentsfor Kew Observatory 56 7 3 
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£ s. d. 

Influence of Light on Plants 10 0 0 

Subterraneous Temperature in 

Ireland 5 0 0 

Coloured Drawings of Railway 

Sections 15 17 6 

Investigation of Fossil Fishes of 

the Lower Teitiary Strata ... 100 0 0 

Registering the Shocks of Earth- 
quakes ,,1842 23 11 10 

Structure of Fossil Shells 20 0 0 

Radiata and Mollusca of the 

^gean and Red Seas 1842 100 0 0 

Geographical Distributions of 

Marine Zoology 1842 10 0 0 

Marine Zoology of Devon and 

Cornwall 10 0 0 

Marine Zoology of Corfu 10 0 0 

Experiments on the Vitality of 

Seeds 9 0 3 

Experiments on the Vitality of 

Seeds 1842 8 7 3 

Exotic Anoplura 15 0 0 

Strength of Materials 100 0 0 

Completing Experiments on the 

Forms of Ships 100 0 0 

Inquiries into Asphyxia 10 0 0 

Investigations on the Internal 

Constitution of Metals 50 0 0 

Constant Indicator and Morin's 

Instrument 1842 10 3 6 

£981 12 8 


xks. 


£ s, d. 

Computation of the Gaussian 

Constants for 1SS9 50 0 0 

Maintaining the Establishment at 


Kew Observatory 

146 

16 

7 

Strength of Materials 

CO 

0 

0 

Researches in Asphyxia 

6 

16 

2 

Examination of Fossil Shells 

10 

0 

0 

Vitality of Seeds 1844 

2 

15 

10 

Vitality of Seeds 1 845 

7 

12 

3 

Marine Zoology of Cornwall...... 

10 

0 

0 

Marine Zoology of Britain 

10 

0 

0 

Exotic An opl in a 1844 

25 

0 

0 

Expenses attending Anemometers 

11 

7 

6 

Anemometeis’ Repairs 

2 

3 

6 

Atmospheric Waves 

3 

3 

3 

Captive Balloons 1844 

8 

19 

3 

Varieties of the Human Race 




1844 

7 

a 

3 

Statistics of Sickness and Mor- 




tality in York 

12 

0 

0 

£685 

16 

0 

1847. 




Computation of the Gaussian 




Constants for 1839 

50 

0 

0 

Habits of Marine Animals 

10 

0 

0 

Physiological Action of Medicines 

20 

0 

0 

Marine Zoology of Cornwall ... 

10 

0 

0 

Atmospheric Waves 

6 

9 

3 


Vitality of Seeds 4 7 7 

Maintaining the Establishment at 

Kew Observatory 107 8 6 

£208 5 4 


Publication of the British Associa- 


tion Catalogue of Stars 

351 

14 

6 

Meteorological Observations at 




Inverness 

30 

18 

11 

Magnetic and Meteorological Co- 




operation 

10 

16 

8 

Meteorological Instruments at 




Edinburgh 

18 

11 

9 

Reduction of Anemometrical Ob- 




servations at Plymouth 

25 

0 

0 

Electrical Experiments at Kew 


17 


Observatory 

43 

8 

Maintaining the Establishment in 

149 



Kew Observatory 

For Kreil's Barometrograph ...... 

15 

0 

25 

0 

0 

Gases from Iron Furnaces 

50 

0 

0 

The Actinograph 

15 

0 

0 

Microscopic Stmcture of Shells... 

20 

0 

0 

Exotic Anoplura ..184.3 

10 

0 

0 

Vitality of Seeds.... 1843 

2 

0 

7 

Vitality ofSeeda 1844 

7 

0 

0 

Marine Zoology of Cornwall 

10 

0 

0 

Physiological Action of Medicines 

20 

0 

0 

Statistics of Sickness and Mor- 




tality in York 

20 

0 

0 

Earthquake Shocks 1843 

15 

14 



£830 9 9 


1840. 

British Association Catalogue of 

Stars 1844 211 15 0 ! 

Fossil Fishes of the London Clay 100 0 0 


1848. 

Maintaining the Establishment at 

Kew Observatory 171 15 11 

Atmospheric Waves 3 10 9 

Vitality of Seeds 9 15 0 

Completion of Catalogues of Stars 70 0 0 

On Colouring Matters ............ 5 0 0 

On Growth of Plants..,., 15 0 0 

£275 i 8 


1849. 

Electrical Observations at Kew 

Observatory 50 0 0 

Maintaining Establishment at 

ditto 76 2 5 

Vitality of Seeds 5 8 1 

On Growth of Plants 5 0 0 

Registration of Periodical Phe- 
nomena 10 0 0 

Bill on account of Anemometrical 
Observations 13 9 0 


£159 19 6 


1850, 

Maintaining the Establishment at 


Kev? Observatory 255 18 0 

Transit of Earthquake Waves ... 50 0 0 

Periodical Phenomena 15 0 0 

Meteorological Instrument, 

Azores 25 0 0 


£354 18 0 
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£ s, it 

185L 

Maintaining tlie E.stablislnnent at 
KcwObsicrvatory (incliuU's pai t 
or grant in 1819) 809 2 2 


Theory of Hoat 

... 20 

1 

1 

Penodical Plienomena of Animal.a 
and Plants.. 5 

0 

0 

Vitality of Seeds * 

. , , 5 

9 

4 

Infhience of Solar Hadiaiion... 

... 30 

0 

0 

I’ltlmologicril Inquiries 

... 12 

9 

<l 

llcjjearcheb on Aniudida 

... 10 

0 

0 

1852. 

£Uiil 

0 

7 


Mutniuining the Kstahli.shment at 
Kew Observatory (inrhuling 
balance of grant lor IS.IO) 283 17 8 


Experiments on the Conduction 

ofUciit 3 2 9 

Inlluence of Solar Uadiations 20 0 0 

Geological Map of Ireland 15 0 0 

Hesearches on the llrilihli Anne- 
lida 10 0 0 

Vitality of Seeds 10 fi 2 

Strength of Iknler Elutes 10 0 0 

XdO 1 0 7 

1853. 

M.tiuluining tin' Esruhlislnnent at 

Kvw OI).'u'rvat('i\\ KJ.'ii 0 Of 

Experinu'ids oti tin- Intlin-m'e tif 

Solar Huiliution 15 0 0 

HeHeureheb on the Uriti^h Anne* i 

Ihltt 10 0 0 

Dredging on the Kn«t Ctmat of ! 

Snolkm!,. 10 o Oj 
EthnologuuU Queries .5 0 tH 


"Jim* 'o' O' 


185-1, 

Maintmuing the KstahliHlimeni ul 
Kew Observatory (inehuling 
balance of former grant) 330 1,5 4 

InveKtigutious on Flax 11 0 0 

of Temperaiure on 

Wrought Iron 10 0 0 

Hegistrulion of Periodical Plu> 

noriiena 10 0 0 

IlriiLsh Annelida 10 0 0 

Vitality t>l' St-eds U 2 3 

(hnidtu'lioji of Heat i 2 0 

.€;i80 19 7 

1 8 5 5 , i-ii.itiuj 

Mamodning tin- ICfdahli-diunmt at 

Kew Ohservatoi y f. ,*125 <1 9 

Eartluiunke Movements 10 0 9 

PhydeM Anpect «( the Moon II H U 

Vitality of Seodn 10 7 II 

Map of the World.,.,.. 1.5 9 9 

Ethnological (inerie8.,,M 5 9 9 

Dredging near Belfast 4 9 9 


^TKifui 4 

IH.50. 

MtiinUfming the K.stahrnshn cut at 
Kew Olwervutory 

1854. .....i: 75 0 

DJ05..,.„i;5OO a Of ^ ^ 


£ ft, (L 

StvickhvntVs Onivtludogioal Syne* 

njms 109 0 9 

Dredging and Dredging FoniiS,.. 9 13 9 

Chemical Aetion of hif»ht 99 9 0 

Strength of Iron Plates 19 9 9 

Uenistfjition of reriodical Pheno- 
mena Dl 0 9 

Propag.uitm of Sulmoti 19 9 0 

. 1 : 7*3 { fa 9 

l8Vir. 

M.unl.dning the Ehtaldi .lmu ntat 

Kew Dhsorvntory 359 9 9 

Eaitlujuake Wave Expeiimenls, . 19 9 9 

Dredging near Hcifa 4 HI 9 9 

Dredging on the We: t Co.e,t of 

Scotland.. 19 9 9 

Invtvtigalioji!. into the Molln.cj 

of (‘alifotiii.i 19 0 9 

Expcrinienfw tm F!a\ ............ 7» 9 9 

Natiual Hi toiy of Mud ig.a - 1 ar. * 29 0 9 

Heecarchc'. on Pii'ish-h Aumlidi ‘.?5 0 0 

Report on Natnial Piiuhict* im* 

ported into ld\erpool 19 9 0 

Artificial Propagation of Kidnoni 19 9 0 

Teinper.dure of Mine, 7 8 9 

Thenooinetei'i tor Suhteir.nn ,in 

Oh .eivalioti'4 7 4 

Lif<* Ihi, its 5 9 9 

€ '9 1 15 'J 

H.5!-. 

Manifaiinin’ the V an'-.h.hne ef if 

K< u (9. ! naloi) :dm n tt 

r.auhf|ud.c nr nn , Vi tl 9 

Dredging on the M « ■ It ( i».'» t«j 

Scotland ,,,, .. IM u u 

Dredging neat Dahlsn .i 9 ft 

Vit.thfy of .Seed • 5 5 P 

Dredging near Dcllh 4 IS 13 *3 

Hepori tm the Ih itish Anm hd 1 .,* iCi n il 

E-ipciinaidH 011 the pmdoediiot 
of lliMt h> Motion in PinisH ?9 9 9 

Hepotfon the Natutel PiedtiO^ 

iiopoited int»» Scotland |9 p U 


Xhi'^ 15 -? 

Ix5|}, 


Mainl lin'mg the M it.dds hmrnt 

a 



Ki w t fh '»'} \<itoj \ 

. 59m 

n 

M 

Di edging ur.M Huldiu 

, i 5 

0 

9 

Ddetdtigy of Paid 

, .,9 

n 

n 

Iri h Tomcata 

. 5 

9 

9 

Manure hUjo imo nt-, ,,, 

, ;9i 

9 

0 

British Medn ido 

. 5 

U 

9 

Dredging Donuidtfee, , 

, 

n 

0 

Steam-ve seld Pcihnm.ito c , 

. * 

9 

9 

Marimt Fauna id South and Vk » 

i 



«f Irehuid 

, |9 

|i 

9 

Pluungraphie Chenu^ty 

. 19 

it 

H 

Diui.irkshire FohsiK 

. Pd 

It 

i 

Biilloon A-'Cent-i.,,,..., 

;i9 

11 

9 


|‘f, 1 

11 

1 


INMI, ’ 

Maintaiiiin-- tin- F 4 ddj .hoo 0 ? 

of Kett DleH»r\ dory 599 tl f| 

Dredging near llcitad. |il d p 

Dre^hig hi Duhhii Ihiy,,, U I) 9 
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£ s. d. 

Inquiry into the Performance of 

Steam-vessels 124 0 0 

Explorations in the Yellow Sand- 
stone of Dura Den 20 0 0 

Chemico-niechanical Analysis of 


Rocks and Minerals... 

25 

0 

0 

Researches on the Growth of 




Plants 

10 

0 

0 

Researches on the Solubility of 




Salts 

30 

0 

0 

Researches on the Constituents 




of Manures 

25 

0 

0 

Balance of Captive Balloon Ac- 




counts... 

1 

13 

6 

^•1241 

7 

0 

1861. 


amamam 

mmmm 

Maintaining the Establishment 




of Kew Observatory 

500 

0 

0 

Earthquake Experiments 

25 

0 

0 

Dredging North and East Coasts 




of Scotland 

23 

0 

0 

Dredging Committee : — 




1860 <£50 0 0\ 




1861 £22 0 0| 

72 

0 

0 

Excavations at Dura Den 

20 

0 

0 

Solubility of Salts 

20 

0 

0 

Steam-vessel Performance 

150 

0 

0 

Fossils of Lesmahago 

15 

0 

0 

Explorations at Uriconium ...... 

20 

0 

0 

Chemical Alloys 

20 

0 

0 

Classified Index to the Transac- 




lions 

100 

0 

0 

Dredging in the Mersey and Dee 

5 

0 

0 

Dip Circle 

30 

0 

0 

Photobeliogi’aphic Observations 

50 

0 

0 

Ib'ison Diet 

20 

0 

0 

Ganging of Water 

10 

0 

0 

Alpine Ascents 

6 

5 

1 

Constituents of Manines 

25 

0 

0 

£1111 

5 

'lO 

1862. 


mmmmm 


Maintaining the JC^tablishmcnt 




of Kew Observatory 

500 

0 

0 

Patent Laws 

21 

6 

0 

Molhisca of N,-W. .\ni(Mica 

10 

0 

0 

Natural History by Mercantile 




Marine 

5 

0 

0 

Tidal Observations 

2r> 

0 

0 

PluitoUelknneter at Kew 

40 

0 

0 

Photographic Pictures of the Sun 

150 

0 

0 

Rocks of Donegal 

2.5 

0 

0 

Dredging Dinham and North- 




umbcrlund... 

25 

0 

0 

Connexion of Storms 

20 

0 

0 

Dredging North-East Coast of 




Scotland 

6 

9 

6 

Ravages of Teredo 

3 

11 

0 

Standards of Electrical Resistance 

50 

0 

0 

Railway Accidents , 

10 

0 

0 

Balloon Committee 

200 

0 

0 

Dredging Dublin Bay 

10 

0 

0 

Dredging the Mersey 

6 

0 

0 

Prison Diet 

20 

0 

0 

Gauging of Water,.., 

12 

10 

0 


^ s, d • 

Steamships’ Peiformance . 150 0 0 

Thermo-Electric Currents 5 0 0 

a 

1863. 

Maintaining the Establishment 

of Kew Observatory 600 0 0 

Balloon Committee deficiency... 70 0 0 
Balloon Ascents (other expenses) 25 0 0 

Entozoa 25 0 0 

Coal Fossils 20 0 0 

Herrings 20 0 0 

Granites of Donegal 5 0 0 

Prison Diet 20 0 0 

Vertical Atmospheric Movements 13 0 0 

Dredging Shetland 50 0 0 

Dredging North-east coast of 

Scotland 25 0 0 

Dredging Northumberland and 

Durham 17 3 10 

Dredging Committee superin- 
tendence 10 0 0 

Steamship Performance 100 0 0 

Balloon Committee 200 0 0 

Carbon under pressure 10 0 0 

Volcanic Temperature 100 0 0 

Bromide of Ammonium 8 0 0 

Electrical Standards 100 0 0 

Construction and distribu- 
tion 40 0 0 

Luminous Meteors 17 0 0 

Kew Additional Buildings for 

Photoheliograph 100 0 0 

Thermo-Electricity 15 0 0 

x\nalvsis of Rocks 8 0 0 

Ilydmida 10 0 O’ 

£ro<m"j5jo 

1864. 

Maintaining the Establishment 

of Kew Observatory GOO 0 0 

Coal Fossils 20 0 0 

Vertical Atmospheric Move- 
ments 20 0 0 

Dredging Shetland 75 0 0 

Dredging Northnniberlaiid 25 0 0 

Balloon Committee 200 0 0 

Carbon under i>ressnre 10 0 0 

Standards of Electric Resistance 100 0 0 

Analysis of Rocks..,.. 10 0 0 

llydroida 10 0 0 

Askhum’s Gift 50 0 0 

Nitrite of Ainyle 10 0 0 

Nomenclature Comini uee 5 0 0 

Ram-(»augcs 19 15 8 

Cast-Iron Investigation 20 0 0 

TidalObservations in the number 50 0 0 

Spectral Rays 45 0 0 

Luminous Meteors 0 0 

i;'l28 9T5 "" 8 

1855. 

Maintaining the Establishment 

of Kew Observatory COO 0 0 

Balloon Committee 100 0 0 

Hydroida 13 0 0 
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Kain-G angles * ’M) 

Tidal Observations in the Uiuaber d 

llcxyUe CmnpouiHls 20 

Amyl Cmnpouiuls 20 

Irish Flora tV) 

American Moll usra 

Organic Acids 20 

Lin, gnhi Flags H\(:a.\al Ion 10 

Kuryplcrns hO 

Flc<‘tri<‘al Standards loo 

Malta Caves Ih‘h« artdics AO 

Oyster IJr<‘c(ling 2b 

(iihraltar Oases Fesisn'cheH IhO 

KenOs Hole FACu\atio»s 100 

Flomi’s Snrfaee Oljseiviitions ... 

Marine Fauna 25 

Drctlging Aberdeenshire 25 

Dredging: Channel Islauds hO 

JSottlogiccd Noincnelatnui 5 

Kesislanco of Idoating Hodies in 

^Tater 100 

Bath Waters Analysis H ] 

l4ummon.s Meteors 40 

xmn 

iHthi. *~— 

Maintaining tlu' Kstaldi'.hinent 

of lu'w OijMMVulory OOO 

Lunar ( ounuitfee (t j 1 

Balloon ('o?uimttee .»o 

Mctiieal (‘oiiuu!l«i e .*0 

British Haintail .. ;»0 

iCUktumy Coal Fields ... Hi 

Alum Bay FtJhsil Lrnf* Bed K‘> 

Ltnninutis Metem*h hO 

Lingtda Flag-H Exeavat ion ...... 20 

Chemical Chmstituliun of Cast 

I mu r»o 

Amyl ComiHumds ih’i 

Blc.etriesil Standards 100 

Mddlafdive.s Evploration 20 

Kent's Ihde, Exphu'ution 200 

Marine Famia, Ac.* Ihuon ami 

Coriuvall 2r» 

Dredging .Mmrdcenshirit i 'n.ed . , . 2.5 

Oredgiijg Ue.hrides f'nast bO 

Hredglng the MerM‘y 

Kewistance of Fluating Bodies in 

Water b<) 

Btdvevrnudcs of Organic Ihnlh 

euls 20 

Bignr MortiH,.,..... i<i 

Irislk Anuidifla l.b 

Caialoi^tm of Crania ,b0 

Diditm Birtlsof Museanme 1;, lands bO 
Ty pieal Crania lies<*arche.s 00 

BalcEtino Exploraihm Fund. HlO 

. 1:1750 

1867. *** 

Maintaining the Kstablislinic.nt 
of Kuw (observatory.. OOO 
Meteorological Iitstrumt*uts» Pa- 

kstiuo ...» 50 

Lunar Committee 120 



,C 


fA 

blet rieal ConimiHco 

AO 

0 

0 

Kent's Hole E\}dorati(ms 

100 

0 

0 

Pa h'sl i ue !'\ pin r.d ions . 

:»ti 

0 

0 

liiscet Fauna. Palest ifie ... .... 

:w 

0 

0 

Ibitisb Uainfall.. 

un 

0 

0 

KilUennv Co.d Fields 

2b 

0 

0 

Alum Bav Fohst! IcmL Bed 

25 

0 

0 

l.UmiuoUN Meteors .... ... . 

bO 

0 

0 

BourufMnoMth, Xe, Leaf Ficd . 


0 

0 

Dredging, Shetlainl .. • . 

rb 

0 

n 

Ste.'imslujk Uejhuts ComU'tt auion 

BIO 

0‘ 

B 

Eleclrieai Nfjuidurds ...... 

100 

B 

0 

Kthvle aiul Methkh* iferies ...... 

2 b 

0 

0 

Fossil Cnisj.ieea 

'ib 

0 

0 

Sound niidet \S nter 

21 

1 

B 

North Greenland F.ihim 

"a 

0 

0 

Do. I’l.mf Betis ... 

too 

tt 

0 

Iron und Steel bLintdacdUic 

2b 

0 

0 

Patent Laws 

bo 

0 

0 


i'ilO 

4 

Cl 

l.*2u8, "" 




Maititulning (!»c M.sfatihshtnnd 
(d‘ Kew Clia'iv.iforv 

000 

0 

0 

I.tniar Coiuniitlec 

120 

0 

0 

Meirieid ( 'onnnhlft'M...,* 

.50 

n 

0 

ZiuduH'ic.d BeciU'd 

100 

H 

0 

KeuCs Iltdc I’Ajdni .Oions 

150 

0 

0 

stt'.nn dup l'eiiiam.uu‘*“i 

JOO 

ft 

0 

F*nf'«.h ILiinLdl 

50 

0 

0 

f Mi’teo' ( ............... 

50 

0 

0 

t b'puiie si ^ , 

Oft 

0 

0 

Is. .ii < JU'4,1 -.')t 

2 "» 

0 

0 

Mt tb\ 1 : 1 1 i» 

2.1 

B 

0 

Merer.rj urn* Bile , 

2*» 

n 

0 

Urijitme ri.tii.um in Linn ''dune 
lh«''bh .. .. ..... . 

**5 

0 

0 

ScoHidt KarCntnakeH 

20 

n 

0 

Fjiuiui, Hevuii ttnd C orn^vui} 

.10 

H 

0 

Brilish F4(i»s!l Curab, . 

50 

0 

0 

Ba’\hbnl 1 euLhrda 

50 

0 

II 

CieenliUid KxpbuuCnma 

loo 

0 

0 

FiHsji} Ciora 

25 

it 

0 

Tidal Ulisenations 

itm 

0 

B 

' l)ndergi*»MUid Temper.itme ... ... 

50 

0 

fi 

S{M‘eBi»f,eupii* iuM’stfcaiiotet >4 

1 Aithnid ^nbhtauee<i 

5 

0 

0 

Seeondury Fepnle*-, *V|'. , 

bo 

1.1 

0 

Brili’ili bhunm tmottfdjiato 
; FnuiM 

Mm 

0 

0 

1 loot 

it 

0 

D'd‘1. 




Mnitihiiiiing tla‘ 1 '.t,.hh Lnn m 
of Kevv Hlfhcs v.iha) , 

talO 

i'l 

fl 

Lunar Cumniittce 

50 

it 

0 

Melrieul Cumiuittcc,.., . 

25 

ii 

0 

J^ujulogical lltTunl, 

ioo 

II 

0 

CoiumiMt'tMOt tJuM’s in Dreu* 
wc.U Water . . 

2 b 

0 

0 

British Uiiinlall.., ,,,, 

50 

0 

0 

Thenuui ('mjclueri\itv of Iron, 
A’c.... ...... ,, 

10 

0 

0 

KenCs Hole I'bplundions ...... 

150 

II 

0 

btraiiiiship Ftofornwm 

30 

0 

II 
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£ s, d. 

Chemical Constitution of Cast 


Iron 80 0 0 

Iron and Steel Manufacture .,,100 0 0 

Methyl Series 30 0 0 

Organic remains in Limestone 

Rocks 10 0 0 

Earthquakes in Scotland 10 0 0 

British Fossil Corals 50 0 0 

Bagsliot Leaf-beds 30 0 0 

Fossil Flora 25 0 0 

Tidal Observations 100 0 0 


Ixxxvii 


£ s. d* 

Underground Temperature 30 0 0 

Spectroscopic Investigations of 

Animal Substances 5 0 0 

Organic Acids 12 0 0 

Kiltorcan Fossils 20 0 0 

Chemical Constitution and Phy- 
siological Action Relations ... 15 0 0 

Mountain Limestone Fossils 25 0 0 

Utilization of Sewage 10 0 0 

Products of Digestion 10 0 0 


£1622 0 0 


Extracts from Resolutions of the General Committee. 

Committees and individuals, to whom grants of money for sciontiiic pur- 
poses have been entrusted, are required to present to each following Meeting 
of the Association a llcport of the progTcss whicli has been made ; with a 
statement of the sums which have been expended, and the balance which re- 
mains disposable on each grant. 

Grants of pecuniary aid for scientific purposes from the funds of the Asso- 
ciation expire at the ensuing Mooting, unless it shall appear by a llcport that 
the llecommcndations have boon acted on, or a continuation of thorn bo 
ordered by the General Committee. 

Members and Committees who are entrusted with sums of money for col- 
lecting specimens of Natural History arc i^quostcd to reserve the specimens 
so obtained for distribution by authority of the Association. 

In each Committee, the Member first named is the person entitled to call on 
theTrcasurer,'William Spottiswoodo, Esq., 50 Grosvenor Haco, London, S.W., 
for such portion of the sum granted as may from time to time bo required. 

In grants of money to Committees, the Association does not contemplate 
the payment of personal expenses to the members. 

In all cases Avhero additional grants of money arc made for the continua- 
tion of llcscarehcs at the cost of the Association, the sum named shall bo 
deemed to include, as a part of the amount, the specified balance which may 
remain unpaid on the former grant for the same object. 


General Meetings. 

On Wednesday Evening, August 18, at 8 p.m„ in tbc Victoria Hall, 
Dr. Josc])b Ihilton Hooker, IClLN., E.L.S., President, resigned the office of 
rresidont to Profussor (C (L Stolces, D.O.L,, EJl.S., wbo took tho Chair, 
and delivered an Addrt^ss, for which see page Ixxxix. 

On Thursday Evening, August ii), at 8 p.m., a Soirco took place in tho 
Albeit Memorial Museum, 

On Eriday Evening, August 20, at 8.30 p.m., in tho Victoria Hall, Prof, Phil- 
lips, LL.B,, F.U.8., E.G.B.j delivered a Discourse on Vesuvius.^’ 

On Saturday Evening, August 21, in tho Victoria Hall, Prof, W, A. 
Miller, M.D., E.E.S,, delivered a Discourse on “ Exporinicntal Illustrations 
of the modes of determining tho Composition of tho Sun and Heavenly Bodies 
by the Spectrum to the Operative Classes of Exeter, 



iwwni 


KKPOHT— 18(51). 


On Monday Evoulnp:, Anp,usi 28, at vm „ in (lu' Vn^iorin Hall, J, 
Norman Lockycis KJkK.dclivorotlaDiscourae ontlio r!iymtialC'omtiiiiti<in 
of the Htarn and No1hi1u\'' 

On Tuesday ovniing, Ani^uni 2 1, at. 8 r.M.^ a Boiivo took plaeein the Alhert 
Memorial Mnnoiinn 

On AVednesday. AnniM LCi, ai 2.80 r,M., Iko twu'ltidinp;' flontaail Meolinp: 
tonk place, nheii tile Proe{M’diiiji:s ef iheOeiieral (knnnitOas and the (iranfM of 
Mojiey for Srientilie, ]nir|H»M\'s wt're e.Kjdained fo (lie ^Mendier.s, 

T!h‘ Meelin^^ wan then ndjournetl lo LiverpooH. 

^ The Jdcetinjiif appointed tii hike plucoun Wcdue.sduy, t:>eploinhet’ 1 1, 1870. 



ADDEESS 


OS 

GEORGE GABRIEL STOKES, M.A., Sec. B.S., 

E.C.L. OXON., IiTi.E. BEBLIK, 

FELLOW OF PEMBllOKE COLLEGE, AND LDCASrAN FEOFESSOE OF MATHEMATICS IN 
THE TINIVEESITY OF CAMBEIDOE, 

PEESITENT. 


My Loeds, Ladies, and Gentleihcen, 

As this is the first time that the Eritish Association for the AdYancement 
of 8cioiieo has mot in the City of Exeter, atid it is probable that many now 
present have never attorulod a former Meeting, I hope the older members of 
the Association will bear with mo if I say a few words in explanation of the 
objects for which the Association was instituted. In the first place, then, 
it aims at fulfilling an office which is quite distinct from that of the various 
scientific societies which are established in difibront parts of iho country. 
Those, for the most part, have for their loading object to make tho volun- 
tary labours of isolated workers in science available to tho scientific wurld 
gonorally by receiving, discussing, and publishing tho results which they may 
have obtained. The British Association, on the other hand, aims at giving 
a more sjjsUmatlc direction to scientific inquiry, and that in various ways. 

In a rapidly progressing branch of science it is by no means easy to bccoino 
acquainted with its actual state. Tho workers in it arc scattered throughout 
the civilized world, and their results are xmhlished in a variety of Transac- 
tions and scientific periodicals, mixed with other scientific matter. To make 
oneself, without asHistance, well acquainted with what has been clone, it is 
requisite to have access to an extensive library, to bo aldo to road with faci- 
lity soYcral mocler)) languages, and to have leisure to hunt through tho tnblcs 
of contonts, or at least the indices, of a muuhcr of serial works. Without 
such knowledge, there is always tlio risk that a Bciontifle man may spend liis 
strength in doing over again what has boon done already ; wherenvS with 
beiU^r direction tho same expenditure of time and labour might have resulted 
in some siibstautial addition to our knowledge. With a view to moot this 
difficulty, tho British Association has requested iaidividuals who wore more 
spooially conversant with particular departments of science, to draw xip re- 
ports on tho presont state of our knowledge in, or on tho recent progress of, spe- 
cial branches ; and tho influence of tho Association as a public body has been 
found sufficient to induce a number of scientific men to undertake the groat 
laboxxr of preparing such reports. 

By thus ascertaining thoroughly what wo already had, what we still 
wanted was made more dear; and, indeed, it was one special object of tho 
reports I have mentioned to point out what wore the more prominent desi- 
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derata ill the taiioim to \v1iu‘h iluy related* Tho waf< 

limn ilie better enabled to fnlfil another «»t‘ Hh I'unetious* that of ori^ sni/ing 
means fur th(i proseeut ion of resea relies ^\hieh iMapiin' eouperalinin When 
the want is within the c(mi])ass of what ean he neeoinjilished h\ indiiiihnals, 
the (Ionian (1 may be left to create tho supply: bui it often happen the! a 
rosearoli can hardly he t‘arried out. ^^ithoni eoopfU’ation, ll niay* lor iiiHlam e« 
reepure a eomhiiiaUon of the iuonI ]>vofound 1inM>relieal tnowletfue \\UU the 
gTealosi experinuMital shill, or an exifuisise knowledge of \ei‘\ di'^dtuilar 
hramdu'K of sidtau'o *, or, again, the work to la* done, though ail «d' oto' kimi* 
may he ofsuoli au exiiuii us to ht‘ lu‘yoiid the ]H»wer <d‘ any oU(» lu an, In 
such eases the limited ptnv<‘r of the imlividual can only he ^alpp|en^e^^led hy 
i ho principle of cou]K‘ralion ; and aeoordingl;t il becomes ati importuid purl 
of the business of tlic AsNOciathm to orgauira* eonmiittees for the pre,.eeii|}on 
of Bpcdial researches. Tho resiMircheK thus tiudeiijikeu at the reined of the 
AsKocuatiou are puhlislnul at hnigth, ab»ng nith tlie reports t»n the prog.rr.o 
of science, in ilm first pari of the ninmal voluitte. 

In (doso coniK'xiun with tho Iasi must he uuuitioiied amdlirr luorir in whu h 
tho Association enutrihuttss to tin* progre:-^ of H'ieuee. Mans le.-runlue* re- 
(piiro not only time uml thought, hnt jannudary ruitlay : and il youbl aei m 
hard that sciciitifKi men who give their time and lahour grahdtoudy to » ar 
rying out mieh researches slmtild ho further ohlige<l fo incur an u.\penditiiro 
which tlu‘y of i('n e, an ill alforti. Tht^ 4 \ssoeia(ion acctaHlingly tnake** grant*! 
of nioiKW to individuals or t 'ominittees for defraying the rwpeaiK* ^ of j-uieh 
r(^seareh(‘S. It appears froin the report wliiib hasjnd been puhiieind that, 
roekoning up lo llu' year 1M»7 iindusi\e. the sum of I,.. |r/. ha-^ been 

voted liy tin* AssoeiatiiUi for varioiia seiiulifie oiijcef,., Itedin iiiig IVoiu thin 
the sum of .C2Ji Ids. t a/, for the halaines <d' cjuiit'i lad wholly expended* 
■which worn rctunual to the Assoeiation. we may .-“ay liiat b/, 

has beon oxpemded in tho manner indieateii. Win ti v ** r» memhei that tlu" 
grunts W(‘rn mostly of Htiuill amount, imd do not lucinde ]»ejVMmd e\p» um-*, 
and that very mmsy of the reseunheH undeviakeit at the reipic-u i»f the \ ,sm.. 
mlhm do not involve money gvantH ui all, we may tWrm nmv id»M id the 
amount of Hoiontilin activity wlileli has hemi evoked mnlerthe uuspiees of the 
ABSociaiion. 

In the address with ^Nliieh the ImslnesH of the Mcidhig in opened* it in 
UBual for your Preshhuii lo give .some anamnt of the nnmt; riaantt progia'HH of 
Bcieiieo. The task in hy no uieaus au easy one. Few indet'd are fattulinr 
with Hcieiico in all itshrunchest and even to one whoAUeutht* ^dei lion of 
topics mid the mode of treating them would Mill present diHicultios, i Modi 
not fittein])! to give an aci*»iunt of tlm reoeui progiast of m inue tn is umoI, 
but Hindi select from those ImmeheH with nhioh I annuoie fuitihar soiuo 
examph'M of naeni progri'RM whieh inay\ I liopis pro\e foheof proity gi'm rnl 
interest. Andevmi in Ibin I ftad that I shall Iiu\e joorave your indulgruee, 
for it Ih hard to he inlelligildo to Home willmiii hchig wemihuiuo fo »4|e i?s 

Among the various hrauches of physleal seieaee, asheuomy m onpir , In manv 
respects a foremost rank, The movomeids of the houveidy hudici lou l ha^e 
occupied iho iittmithm mid excltiMl ilm iidereul oftunnkhid fiem thv eatliod 
ages, and accordingly the llrsi rudiments of the .seivnee are hot in thedepllm 
of anth|Uiiy. The grandeur of the Hubjeets of imdemphtijMn alib h d pre.^ 
sentB to UB have won fur it especial favour, and its m\wr\mm* in reluiou in 
navigation has caused It to bo supported by national resouivo^-, Xewioa V 
great diseoyory of universal gravitatioii raised it iroiu the rnak of a iem,e 
of obsomtion to that of on© admitting uf the most exml imdlioimitieul de- 
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duction ; and tlio investigation of tlio consequences of tliis law, and tho 
explanation thereby of the lunar and planetary disturbances, liavo afforded 
a field for the exercise of the highest mathematical powers on the part of 
iJ^ewton and his successors. Gradually the apparent anomalies, as they 
might have boon deemed, in the motions of the heavenly bodies were shown 
to bo necessary consequences of the one fundamental law ; and at last, as the 
result of calcuhitions of enormous labour, tables were constructed enabling 
the xjiaccs of those bodies at any given time to bo determined years before- 
hand with astonifihiiig' precision. A still more striking step was taken. 
When it had Ijccn shown by careful calculation that the apparent motion of 
the remotest of the planets then known to helong to our system could not 
bo wholly explained on the theory of gravitation, by taking account of tho 
disturbing powers of the other known planets, Adams in our own country, 
and Lo Verrier in Franco, boldly reversed the problem, and instead of 
dotcrinining tho disturbing efibet of a knoAvn planet, sot themselves to inquire 
what must be tho mass aud orbit of au imknow'u planet which shall ho capa- 
ble of producing by its disturbing force the unexplained deviations in tho 
position of Uranus from its calculated place. Tho result of this inquiry is 
too well known to require notice. 

After these brilliant achievements, some may perhaps have been tempted 
to imagine that the field of astronomical research mnst have been well-nigh 
exhausted. Small perturbations, hitherto overlooked, might bo determined, 
and astronomical tables thereby rendered still more exact, ITow asteroids 
might bo discovoi'cd by tho telescope. More accurate values of tho con- 
stants with which we have to deal might he obtained. Fut no essential 
iiovcdty of principle was to be looked for in tho department of astronomy ^ 
for such wo must go to younger and loss mature branches of science. 

EcsoarcliOB which have been carried on within tho last few years, oven 
the progress which has been made within tho last twelve months, shows 
how' short-sighted such au anticipation wuuld have been ; what an unex- 
pected flood of light may sometimes bo thrown over one science by its union 
with another; how conducive accordingly to the advancement of science 
may ho an Association like tho prcsoiit, in which not only arc tho workers 
at special sciences brought together in tho Sectional Meetings, hut in the 
General Meetings of the Association, and in tlio social iutercourso, which, 
though of an informal charactm*, is no unimportant part of our procodings ; 
tho cultivators of different braneln^s of scu’tsnco aro brought together, and 
have an opportiinity of otilarging their minds by contact with tho minds of 
others, who have been used to trains of thought of a V(u^y difibront character 
from their own. 

Tln^ science of usironomy is indehtod to that of opth'-s fur tho principles 
whch regulate tho cuiisinitdiou of tliose optical instruments which aro so 
essontial to Ihc astronomer. It rt^paid its debt by furiiLshhig to optics a 
residt wbicli it is inqioriiini wo should keep in view in considering tlio 
nature of light. It is to astronomy that wo aro indebted for tho first proof 
we obtained of the fmiie v<docity of light, and lor the first numerical deter- 
mination of that (mornn^us velocity. Astronomy, again, led, forty-four years 
later, to a second determination of that velocity iu the remarkublo phoiio- 
mcuon of aberration discovered by Erudloy, a phonomoiioii pres^'iiting spe- 
cial points of interest in relation to tho nature of light, and which has given 
rise to some discussion, extending even to the present day, so that tho Astro- 
nomer lioyal has not deemed it umvorthy of investigation, laboxious as ho 
foresees tho trial is likely to prove, to determine tho constant of abortion 
by means of a tolescoim having its tube filled with water. 
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If ill respect of tlie^io pbenomena nptirs received mucli aid frimi iii-lro- 
nomy, the latter science has heen indoMed to the former for infori!tat!*»n 
M'hich eoiild not otherwise have been ohhiined. ^fhe motions and the mai-^es 
of the heavenly bodies arc reveabal to ns more or less fully by astronomieal 
observations; Init wc could not llins become aequainted mtb the chemical 
nature of these distant ohjetits. Yet, by the n]q)liention of the rqa*rtriiM'*>pe 
to the scrutiny (»f tlie lieav<‘n]y bodies, <'vi4lt‘iiee has lieeii obtained of the 
exisleiiet'. iloTein of various <deuients known hi us hy the clunnien] oN'tinino - 
tiou of (]n‘ maifU'ials orwlileh our own tairth is ronqiosed : and not only 
so, but li^hi is tin'ow n on tho stai(‘ in whi<‘]i matter is there v. hif h, 

ill the ease of mbnlie esp<‘eiully, led to the formation t>f muv ideas re,q»eeihi:^ 
their constitution, and the laadijicatiou of astronomical speetilaliou . pre« 
vioiisly enterlained. 1 shall, lud, however, dwell further mi this part of the 
Biihjcct, which is now of some yinirs’ staiidinf(, and lias hta*u mentioned hy 
more than one of your fonuer IVesidents, hut will ]»asH on to newer iv- 
searches in the same, direction. 

Wo arc aeonsiomed to a| qdy to the stars the iqnlhei /oco^. Xiitht after 
night they arc seen to Itavt^ the saino relative arrangement ; and when tludr 
places are determined hy earefid measurement, and certain small (orree- 
lions duo to known causes are a]qdi(’.d to the imnuMlinte results of ohservu* 
tioii, they are found to have tin* vHumi* ndntivo distam*<\M» But when iuMead 
of days the ohsmTutions extend iwer months or years, it is hauid that the 
iixity is not quite ah.solute. Defining as H\ity invanuhility of posit I mu as 
estimat'd with {‘(‘A'nmee to the stars as a whole, and eompnriug the posi' 
lion of any individual star with (»f the stars in its tieighhourhonti, we 
had tjntt> some ot the stars exhildf *'prop«r nif»tionsf* show, that a pro™ 
gtcHsivc change (d angahar position as seen from tlie earth, or rather as fle v 
would be Mocii from the sun, which we may lake for the mean annual p! n e 
of the earth. This imlieales linear imdiou in a direidion trrnrAer.***’ to the 
lino joitiing the mm with the star. But sinef^ our sun is mereiv u star, a 
lino drawn from the star cKhihiting proper motion to mrmn is/as n -ards 
the former, merely a Ihmdmwu to a star taken at raudonu and therefore 
there is no msoa why the star's motion slmiild laq except ucctdmdalK, in a 
direction perpenclieuhir to the lira? joining the star willi mtr Httm We must 
concludo that the stars, iuehiding our own mm, or some of them at least, 
are moving in various direr fhms in space, and that it is merely thr» !nn»- 
Yorsal component of the wdiole motion, or rather of tin* lu'didn relufiv*lv 
to our sun, tlmt is revealed to us hy a elumge in the star's apparent ‘ 

Ilow then shall we d(d<‘rmine whtdher anv pariieular star U appro o hm- 
to or reeeding from oiir mm ? It is eh*;u* that nstronoiny ahmo in p.ou ilr h 
to aid UK lun’o, shietJ such a motion woiihi he unaeeouqmiuod hy dmng.- ,d’ 
angular position, lli’re the seieiua* of opties comes to otir ithl ill a rcnmik 
able manner. 

The pite.h of a musical note depends, m we know, on the immher of 
vumitmns wdiicih reach Die <uir In a given time, hus'Ii ns a second. Sjuf 
pose, now, that a Imdy, such ns a hell, wdiich mvilmating a mou 

bor 01 times per second, is ut tin* same tinn^ moving frem the ohwuaer, iho 
mrhemg calm. Hi nee the auceessive ]iuls(*s of sound travel nil with thr 
velocity of aoimd, hut diverge from di/lermit eimtres, mnnelv, the huercN hp 
points xn tho heirs path at which the hell was xvhm Ihone mihea wefr fh.i 
excited, It IS mdenttluii the Houml-waves will be mmimLi more 
out on the Bide from wdikdi the Ixdl in moving, and nmre crowded ih^r 
on the side towards which it k moving, than if the hell Jmd been at o u 
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Consequently the number of vibrations per second which reach the ear of an 
observer situated in the former of these directions will be somewhat smaller, 
and the number which reach an observer situated in the opposite direction 
somewhat greater, than if the boll had been at rest. Hence to the former 
the pitch will be somewhat lower, and to the latter somewhat higher, than 
the natural pitch of the bell. And the same thing will happen if the ob- 
server bo in motion instead of the hell, or if both bo in motion ; in fact, the 
effect depends only on the relative motion of the observer and the bell in 
the direction of a lino joining the two, — in other words, on the velocity of 
recession or approach of the observer and the boll. The effect may be per- 
ceived in standing by a railway when a train in which the steam-whistle is 
sounding passes by at full speed, or better still, if the observer be seated in 
a train which is simultaneously moving in the opposite direction. 

The present state of optical science is such as to furnish us with evidence, 
of a force which is perfectly overwhelming, that light consists of a tremor or 
vibratory movement propagated in an elastic medium filling the planetary 
and stellar spaces, a medium which thus fulfils for light an office similar to 
that of air for sound. In this theory, to difference of periodic time corresponds 
difference of refrangibility. Suppose that wo wore in possession of a source 
of light capable, like the bell in the analogous case of sound, of exciting in 
the sether supposed at rest vibrations of a definite period, corresponding, 
therefore, to light of a definito refrangibility. Thou, just as in tlio case of 
sound, if the source of light and the observer were receding from or ai)proach- 
ing to each other with a velocity which was not insensibly small compared 
with the velocity of light, an appreciable lowering or elevation of refrangibi- 
lity would bo produced, which would bo capable of detection by means of a 
spectroscope of high dispersive power. 

The velocity of light is so enormous, about 185,000 miles per second, that 
it can readily bo imagined that any motion which wo can experimentally 
produce in a source of light is as rest in comparison. But the earth in its 
orbit round the sun moves at the rate of about 1 8 miles per second ; and in 
the motions of stars approaching to or recoding from our sun we might expect 
to meet with velocities comparable with this. The orbital velocity of the 
earth is, it is true, only about the one ten-thousandth part of tho velocity of 
light. IStill the effect of such a velocity on tho refrangibility of light, which 
admits of being easily calculated, proves not to 1)0 so insensibly small as to 
elude all chance of detection, provided only tho observations arc conducted 
with ext.rcmi^ delicacy. 

Bui liow shall wo Jhid in such distant oljjects as tho stars an analogue of 
ilio b(3ll which wo luivc assiunocl in the illustration drawn from sound? 
Wbat evidence can wo evuT obUdji, oven if an oxumiiuition of their light 
should present us with rays of definite lafraugibiliiy, of th(3 oxiHlonce in tlioso 
re, mole bodies of ptmderaldo maftor vibrating in known jicriods jmt id(mtical 
with those coiTcsj>onfliiig to the refrangilnlitic's of tho definite rays wliidi wo 
observe? The answer to this (ineslioii will involve a reference, which I wall 
end(3avour to make as brief as I can, to tlie splendid rcscarcbes of Brofossor 
3{ir<‘hliofr. The exact coincidence of certain dark lines in tho solar spcclrum 
wdth bright linos in certain artificial sources of light had previously been in 
one or two instances observed ; but it is to Kirchhoff wx owe the inference 
from an extension of Prevosiks theory of exchanges, tliat a glowing medium 
which emits bright light of any ])articixlar refrangibility necessarlhj (at that 
temperaiuro at least) acts as an absoi'hing medium, exlinguiabing light of tho 
same refrangibility. In saying tins it is but just to mention that in relation 
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to radiant heat (from whence the transition to light is easy), lurelihoff was 
preceded, though unconsciously, by our own countryman Mr. Balfour 
The inference which Kirohlioif drew from Provost’s theory thus exionded led 
him to make a careful compaiison of the places of the dark lines of the solar 
spectrum with those of bright linos produced by the incandescent gas or 
vapour of known cloraoiits ; and the coincidences wcto in mtiny cast's so^ rt*- 
markable as to establish almost to a ccrlaiiity the exisionce of sr^veral t>f th<‘ 
known elements in tlio solar atmosphere, producing by tlnar ahHoihing action 
the dark lines coinciding "vvith the bright lines observed. Among otlu'r 
elements may ho mcniioned in particular hydrogen, the spoe.trnm of which, 
when the gas is traversed by an electric discharge, shows a bright lint' or band 
exactly coinciding with the dark lino C, and another with the line F. 

Now Mr. Huggins found that several of the stars show in their spetdra 
dark linos coinciding in position with 0 and F; and what sirengihenH tiie 
belief that this coincidence, or apparent coincidence, is not no'cely foidiii* 
tons, but is due to a common cause, is lliat the lines are. {band asso- 
ciated together, both pi*oscut or both a])scnt. Ami Kirch) lolFs theory huggests 
that the common cause is the existence of h}'dj’ogeu in the atnuwplieres of 
the sun and certain stars, and its exorcise of un absorbing action on ih(‘* light 
emitted from beneath. 

Now by careful and repeated ohscrvaiions with a icdcHcopo furnished with 
a spectroscope of high dispersive power, Mr. JIuggins foiiinl that tlie F line, 
the ono selected for oliservution, in the spectrum of Hirins did not exactly 
coincide with the eorresjionding bright lino of a hydrogen spark, which latter 
agrees in position witli the solar ]>iit was a. liftle Kss ndViuigihhs whih^ 
preserving the same general app(‘Mra.nc('. What conclusion, then, art' wo 
to draw from the result? Purely it w'ould be most uiir('asj)md»lo t«* atiri- 
butotho dark linos in the spo(5ira of tbo sun and of Sirius to distinct ciiuscs, 
and to regard their alimst exact coiuchhmce as pinudy fortuitous, ’when w^e 
have in proper motion a mum to account for a minute, didcrtuice, Ami 
if, as Hirchhoff’s labours render almost certain, the dark Hidur Hm' di*|HmdH 
on the existence of hydrogen in the atmosphere of (mr min, we art* hul to 
infer that that element, with which the chomist “Working in his laboratory In 
so familiar, exists and is subject to the same ])hysieal laws in timi cliaiatit 
star, BO distant, that, judging by iho most probabh^ valuta of its atmnnl paral- 
lax, light which would go seven times round our earth in ono mnamd w<mlil 
take fourteen years to travel from the star. What a grand comu'jdion of i]m 
unity of plan pervading the iinivorso do such conduHions pivncni to our 
minds ! 

Assuming, then, that the small difforeuct^ of r(d)’angihility ohsiUTCil ho., 
tween the solar F and that of Birins is due to proper motion^ Atr* IfnggiriH 
concludes from his measures of tlio ininuto difference of poHiiion fhai at tlui 
time of the observation Birius was recoding from the earth at the rate of 4 1 *4 
miles per second. A pari of this was duo to the motion of the t‘urih in its 
orbit ; and on deducting the orbital velocity of the earth, rosolved in the dirct!- 
tion of a line drawn from the star, there ronniined 29*4 milits per Mccond as 
the velocity with which Birius and our sun are mutually receding from <*ach 
other, ^ Considering the minuteness of iho quantity on which tlu^ rennlt dc?- 
pends, it is satisfactory to find that Mr. Huggins’s results as to the motion of 
Birius have been confirmed by the observations of Father BecchinuHle at Jhmm 
with a different instrument. 

The determination of radial proper motion in this %vay isHtill in its infiuicy* 
It IS worthy of note that, unlike the detection of trans^'erBal pretpeu* motion 
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by change of angular position, it is equally applicable to stars at all distances, 
provided they arc bright enough to render the observations possible. It is 
conceivable that the results of these observations may one day lead to a de- 
termination of the motion of the solar system in space, Avhich is more tni.st- 
•worthy than that which has boon deduced from changes of position, as being 
founded on a broader induction, and not confined to conclusions denived from 
the stars in our neighbourhood. Should even the solar system and tlie nearer 
stars be drifting along, as 8ir Jolm Hcrscbol suggests, with an approximately 
common motion, like motes in a sunbeam, it is conceivable that the civeum- 
stanco might thus bo capable of detection. To what wide speculations are we 
led as to the possible progress of our knowledge when wo put together what 
has heon accomplished iu different branches of science ! 

I turn now to another recent application of spectral analysis. The pheno- 
menon of a total solar eclipse is described by those who have scon it as one of 
the most imposing that can he witnessed. The rarity of its occnrrenco and 
the shortness of its duration afford, however, opportunity for only a hasty 
study of the phenomena which may then present themselves. Among these, 
one of the most remarkable, scon indeed before, hut first brought prominently 
into notice by the observers whowaicbed tbo eclipse of July 7, 1842, consists 
in a series of mountain-likc or clond-lilcc luminous objects soon outside the 
dark disk of the moon. Those have been soon in subsequent total eclipses, 
and more specially studied, by means of photography, by Mr, Warren De I^a 
Xluo in the eclipse of Juno 18, 18()0. The ixjsult of the various obscxwatious, 
and especially the study, which could bo made at leisure, of the photographs 
obtained by Mr, Do La line, proved conclusively that those appendages belong 
to the sun, not to the moon. Tho photographs proved further their light to 
he remarkable for actinic power. Since that time the method of spectral 
analysis has boon elaborated ; and it seemed Hkoly that adclilional informa- 
tion bearing on tbo nature of theso objects might bo obtained by the applica- 
tion of the spectroscope. Accordingly various expeditions wore e{jui])pe(l Ibr 
the purpose of observing tho t.otal solar eclipses which ^N as to hap])cn on 
August 17 , 1SC8. In our own country an eriuntorially mounted teloscopo 
provided with a spectroscope was procxired for Ihe purpose by the Boyal 
Society, which avjis onlnisted to Ileut. (now Captain) llerschcd, wbt> was going 
out to India, one of iho countries crossed by tho lino of llio cenl.ral sha- 
dow. Another expedition was organized by the Royal Asironomical Boeiei.y, 
under tho auspices of Major Tennant, who was foremost iu pressing on ihe 
attention of sciontifi(3 men the imporianeo of availing ihomsolvcB of ihe 
opportunity. 

Shortly lujforc tho conclusion of the creeling of iho ABHociaiioii at Norwich 
last year, tho first resulis of iho o])scrYat.ionH w^oro mad<% known in tlic Meet- 
ing iihrotigli iho ngcaicy of ih<^ electric. inh5gra]h. In a ielegram sent by 
M, Janssen to tho rresident of the Royal Society, it wa.H announced that iho 
spectrum of iho prominences was very mnnrkahlo, showing bright lines, 
while thai. of the corona- showed none, brief m tho message nceesHurily was, 
one point was sottlod. The prominences could not he oloxxds m iho sirict 
aenso of the terra, shining cither by virtue of ihoir own heat., or by light 
rcficctod from below* They must consist of incandescent matter iu the 
gasmm form. It appeared from tho more dotailocl accounts received by 
post from the various observers, and put i-ogeihor at leisure, that except in 
the immediate neighbourhood of tho sun tho light of the prominences con- 
sisted mainly of three bright lines, of which two coincided, or nearly bo, 
with C cmd F, and the intermediate one nearly, but, as subsequent researches 
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showed, not exactly, with D. The bright lines coinciding with C and P 
indicate the presence of glowing hydrogen. 

This is precious informatiou to hare gathered during the brief inlerval of 
the total phase, and required on the parL of the observers self-denial in with- 
drawing the eye from the imposing spectacle of the Burroiinding scenery, and 
coolness in proceeding steadily with some dodniie pari of the itiqutry, 
when so many (peslions crowded for sohition, and the fruits of months (d' 
preparation were to bo reaped in three or four niinntes or hhst aItog«‘iher; 
es|)eoiully when, as too often }iai)poned, the observations were provukingly 
interrupted by dying clouds. 

Tut valuable as these observations were, it. is obvious that. \vc shmild have 
had long to wait before 'svo could h.ave bccanie acquaiidcd with t h(? iismil 
behaviour of these objects, and their j)ossible rtbiiion t.o changes which may ho 
going on at the surface of the sun, if we had hocn dtqunidcnt on the ranMind 
brief phenomenon of a total solar eclipse for gatliering information respecting 
them. But how, the question miglit bo asked, shall we ever he a]d<i so to 
subdue the overpowering glare of our great luiniimry, and the daz/ding 
illumination which it produces in our at inospherc wlum we look lU'arly in its 
direction, as to perocivo objects wliich an' cumparntivi'ly so faint ?" lien* 
again the science of optics comes in aid of astronomy. 

When a lino of light, such as a narro%v slit ludd in front of a luminous ob- 
ject, is viewed through a prism, iho light is ordinarily spread out into a 
coloured band, the length of which may h{» increased at- pieasun' hy suhstitu- 
ting two or more prisms for the single prism. As th(' total ((nant ity of light is 
not thereby increased, it is obvious that the intonsity of t]u‘ iighi<»ftlm 
coloured band will go on decreasing as the hmgt.h increases. Such is the ease 


with ordinary sources of light, like the llamc of a candle or the sky, which 
give a continuous speolruni, or one generally continuous, though int*errupled 
% dark bands. But if the light from the source be hoinogmieous, «M»nsist ing, 
that is, of light of one degree of rcfrangihillty only, iiie iumgt* of the slit 
will bo merely deviated by the prisms, not wddened out into a bamh and m»i; 
consequently reduced in intensity by the dispersion. And if tii<^ souree of 
light emit light of both kinds, it will bo easily understood ihnt^ ikv images of 
the slit corresponding to light of a,ny definite rcfrangibiliiicH which the mix- 
ture may contain will stand out, by their superior iiiitnisitv, t»n the weaker 
ground of the coniinnous spect-rum. 

Propanitions for observaiionR of the kind had long been in progress in |h«^ 
hands of our count.r;fmaii Mr. Lockyiw. ilis first, aitenqds wtnu nnsnccessfn! : 
but undismayed by iailure, ho ordered the eonstniciion of a nowspectroseopfi 
of Huporior I'lowor, in wlu'cli bo was aided by a grant from the Htun iduced anim- 
ally by Parliament at the disposal of the iloyul Hocioty for seientitlc ptirposcs. 
The execution of this inst rumont was (hdayod by wliat proved to be the hmi 
illness of the eminent opi.ieian to whom it. had boon in the first inst imce cii™ 
trusted, the late Mr, Cooke ; hut wlum at last i.ho instrununit was plrnunl in Ids 
hands, Mr. Lockyer was not long in discovering t.he object, of his iwa yiairs' 
search. Oh the 20th of October last year, in examining the space iminedmtclv 
surro^tog the edge of the solar disk, ho obiuiuod ovidoucis by ilui omirmai 
ot a bright lino in the spectrum, that his sHt was on the image of oim of 
those prominences, the nature of which had so long been an enigma, it 
further appeared from an observation made on Novomber 5 (ns itidmid inidit 

SlfwSSTJ La Ruo, and the d.^scriirtionn of 

those who observed total solar oclipsos) that the promincticoH wre incndv 

elevated portions of an cxtcnsxvo luminous stratum of tlio samo goiioriil chu- 
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ractcr, which, row that the necessity of the interposition of the moon was 
dispensed with, could he traced completely round the sxin. N'otices of this 
discovery were received from the author by the Eoyal Society on October 21 
and Eovember 3, and the former was almost immediately published in ITo. 105 
of the Proceedings. These wore shortly afterwards followed by a fuller paper 
on the same subject. 

Meanwhile the same thiiig had been independently observed in another 
part of the world. After having observed the remarkable spectrum of the 
prominences during the iuinl eclipse, it occurred to M. Janssen that the same 
method might allow the prominences to ho detected at any time ; and on trial 
ho succeeded in detecting them the very day after the eclipse. The results of 
his observations were sent by post, and were received shortly after the 
account of Mr. Lockycr’s discovery had been communicated by Mr. Pe La Euc 
to the Prench Academy. 

In the way hitherto described a prominence is not seen as a whole, but 
the observer knows when its image is intercepted by the slit ; and by vary- 
ing a little the position of the slit a series of sections of the prominence are 
obtained, by putting which together the form of the prominence is deduced. 
Shortly after Mr. Lockycr’s communication of his discovery, Mr. Huggins, 
who had boon independently engaged in the attempt to render the promi- 
nences visible by the aid of the spectroscope, snccccded in seeing a j)ro- 
miuonce as a whole by somewhat widening the slit, and using a red glass to 
diminish the glare of the light admitted by the slit, the prominence being 
soon by moans of the C line in the rod. Mr. Lockyer had a design for see- 
ing the prominences as a whole by giving the slit a rapid motion of small 
extent, but this proved to be superfluous, and they are now habitually scon 
with their actual forms. Nor is our power of observing them restricted to 
those which are so situated that they are seen by projection outside the sun’s 
limb; such is the power of the sx^eetroscopic method of observation that it has 
enabled Mr. Lockyer and others to observe them right on tho disk of the sun, 
an imx3ortant step for connecting them with other solar xdienomena. 

One of the most striking results of tho habitual study of these x^rominonces 
is the evidence they afford of tho stupendous changes which arc going on in 
tho central body of o\ir system, rromincnccs tho heights of which are to be 
measured by thousands and tons of thousands of miles, appear and disappear 
in the course of some minutes. And a study of certain minute changes of 
X>osition in the bright lino P, which receive a simple and natural explanation 
by referring thorn to proper motion in the glowing gas by which that line is 
produced, and which wo see no other way of accounting for, have led Mr. 
Lockyer to conclude that the gas in ejUGstion is sometimes travelling with 
velocities comparable witli that of tho earth in its orbit. Moreover tlioso ex- 
hibitions of iutcmso action are frequently found to bo intimately connected 
with the spots, and can hardly fu.il to throw light on tho disputed question 
of thoit formation. Nor are chemical comx>osition and prox)or motion the only 
physical conditions of tho gas which are accessible to Bpectral analysis. By 
comparing tho breadth of tho bright bands (for though narrow they arc not 
mere Hues) seen in tho xn’omincncos with those observed in the spoctruni of 
hydrogen rendered incandescent under different physical conditions, Br. 
Pranldand and Mr. Lockyer have deduced conclusions respecting tho pressure 
to which the gas is subject in tho neighbourhood of tho sun. I am hax^py to 
say that Mr, Lockyer has consented to deliver a discourse during oxir Mooting, 
in which the whole subject will doubtless bo fully cxidaincd. 

I have dwelt perhaps too long on this topic, and I cannot help fearing that 

18 U 0 . (j 
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I may have heen tedious to the many scientific men to whom the subject is 
already perfectly familiar. Yet the contemplations which it opens out to us 
are so exalted, and the proof which it aifoi'ds of what can be accomplished 
by the union of different branches of science is so striking, that I hope I 
may bo pardoned for occupying your time. I cannot, however, lcuv(‘ tlu^ 
subject of Astronomy without congratulating the AHSociatlon on the nci om- 
plislimcnt of an objccL wliich originated with it, and xu the prmnotiou of 
which it formerly took an active part,. It, was at the Meeting of the Ahko-* 
ciation at Birmingham in 1 840, under the presidency of the llov. Dr, Ibibinson, 
that a resolution was passed for making an application to ICcr AIajeMiy*s 
Government to establish a reflector of not less than three fla^t, nperturt^ at tin* 
Capo of Good Hope, and to make such additions to the sialt of that ol}S(*r- 
vatory as might be necessary for its clfeciual worknig. This rc‘Solution ni(‘4- 
with the hearty concurrence of the President of the Oouncil of llu' Ilf)yul 
Society, who suggested that the precise locality in tlic Southern hemisphere 
whore the toloscopo should bo erected had best bo left an opiui quest iini. 
This modification having been adopted hj your Councii, the apjdication \vm 
presented to Earl raissell, thou Eirst Lord of the TreiiHury, by reprim‘niuiiv<‘H 
of both bodies early in 1850. A reply was received from Government in 
tho^ effect that though they agreed 'with the Association ns to the ii»tt'r<'si 
which attached itself to the inquiry, yet there was so much ditlitailiy atteiu!- 
ing the arrangements that they were not prej)ared to take any steeps without 
much further enquiry. This rcxdy wa.s conHidert'd so far favourable ha not lo 
forbid the ho])o of succ('ss if the ap])lieation were I'cuewed on a suitable 
opimrtiiJiity. The subject was again luouglit the AHsoeiali<ni by 

Colonel (now General Sir Edward) Sabine, in bin o]>oning nddivsH an Vrm^ 
dent at tho Belfast Meeting in 1852. The rosnlt was tlnnt tln^ matter was 
again brought before Governmoni by a Committee of ihv, British AHsoeinlion 
acting in conjunction with a Committee of tho Boynl Society, by mi'ans of an 
application made to tho Earl of Aberdeen. By this time the emmUy wm 
engaged in tho Bussian war, in eonsequenco of which, it replied, no 
funds could then bo spared; but a promise w^as given that when the nim 
then impending was past, tho matter should bo taken up, a promise which 
the retirement from office and suhsequont death of Lord Aberdeoti randmHl 
of no avail. 


^ But though falling in its immediate object, iho action of tho British Asso- 
ciation in this matter has not remained fruitless. A few years later llui 
subject was warmly taken u]) at Melbourne, and afitjr imdiminnry eorre- 
spondenco between tho Board of Visitors of tho M<abmtTne Dlistnwntorv uiid 
the rresident and Comicil of tho Eoyal Hochdy, and iho iquauntment by Die 
latter body of a Commitico to consider and report, on iho Hubj(*ni, in April 

Colonial Legislature ibr a grant of 
.£5000 for the construction of a tolcscopo, and was acceded to. Not U 
weary you with details, I wiU merely say that tlm i^eleHcoiio ha.H bc'mi r'»»n« 
structed by Mr. Giubb, of Dublin, and is now erected at M<4bmirn<s md tn f be 
hands of Mr. Lo Bueur, who has hocn apxmuied to use it. It is a reilerlor 
ot four feet apo^ro, of tho Cassegrain constnxctiou, etinatorially moutilfuL 
pd provided with a cloek-movoraont. Before its shipment, it was iiwpecloii 
m ^tihlin by the Committee appointed by tho Boyal Society to consider Un» 
^st mod© of cOT^ng out the object for which tho vote was made by iho 
Melbourne Legislature ; and tho Committee speak in tho highest torms of lin 
.eontriva^e and exboution. vfc may expect beffiro long to get a first iustnL 
ment of the results obtmned by a scrutiny of tho southern heavens with uu 
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mstrument far more powerful than any that has hitherto been applied to 
them — ^results which will at the same time add to our existing knowledge 
and redound to the honour of the Colony, by whose liberality this long- 
cherished object has at last boon effected. 

As I have mentioned an application to the Government on the part of 
the Association which was not successful, it is but right to say that such is 
not' generally the result; I will refer to one instance. At the Cambridge 
Meeting of the Association in 1862, a Committee, consisting of representa- 
tives of the Meclianical and Chemical Sections, was appointed for the pur- 
pose of investigating the application of gun-cotton to warlike purposes. At 
the Newcastle Mooting, in the follo'sving year, this Committee presented 
their Eoport. It was felt that a complete study of the subject demanded 
appliances which could be obtained only from our military resources, and 
at the Newcastle Meeting a resolution was passed recommending the ap- 
pointment of a Hoyal Commission. This recommendation was adopted, and 
in 1864 a Commision was appointed, which was requested to report on the 
application of gun-cotton to Civil as well as to Naval and Military purposes. 
The Committee gave in their report last year, and that report, together with 
a more recent return relative to the application of gun-cotton to mining and 
quarrying operations, has just been printed for the House of Commons. 

A substance of such comparatively recent introduction cannot bo fairly 
compared with an explosive in the use of which wo have tho oxpcrienco 
of centuries. Tot, even with our present experience, there are some pur- 
poses for which gun-cotton can advantageously replace gunpowder, while 
its manufacture and storage can ho effected with comparative safety, since it 
is in a wot state during tho process of manufacture, and is not at all injured 
by being kept permanently in water, but merely requires to be dried for use. 
Even should it bo required to store it in the dry state, it is doubtful whether, 
with tho precautions indicated by the chemical investigations of Mr. Abel, 
any greater risk is incurred than in the case of gunpowder. In tho blasting 
of hard rocks it is fonnd to ho highly efficient, while the remarkable results 
recently obtained by Mr. Abel leave no doubt of its value for explosions such 
as are frequently required in warfare. General Hay speaks highly of tho 
promise of its value for small arms ; hut many more experiments arc re- 
quired, especially as a change in the arm and mode of ignition require a 
change in the construction of tho cartridge. In heavy ordnance, the duo 
conk'ol of the rapidity of combustion of tho substance is a matter of greater 
difficulty ; and, though cousidorablo progress has boon made, nmch remains 
to bo done boforo tho three conditions of safety to the gitii, high velocity of 
projection, and uniformity of rcstilt, arc saiisfact-orily combined. 

ily tho kindncHS of Dr, Carpenter, I am emiblocl to m.eution to you tho 
latest results obtained in an expedition which could not have been under- 
taken without th(i aid of Governnumt, an aid which was freely given. Last 
ytfir ,Dr. Carpenier and Dro lessor “Wyvillo Thomson ropreseniod to tho Pro- 
Bidont and Oouncii of tho Boyal Bocicty the great importance to Zoology 
and Paheontology of obtaining soundings from groat depths in tho ocean, 
and suggested to them to use their infiuonco with tho Admiralty to induce 
them to place a gun-boat, or other suitable vassol, at tho disposal of those 
gcntlomen and any other naturalists who might bo willing to accompany 
them for tho purpose of carrying on a systematic course of deep-sea dredg- 
ing for a month or six weeks. This application was forwarded to the Ad- 
miralty with the warm support of tho President and Council, and was readily 
acceded to» The operations wore a good deal impeded by rough weather, 
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but ueYertbcle&s Important results “were obtained. Dredging was siicccssrully 
accomplished at a depth of 650 fathoms ; and the existence was es{,ablis]ic(l 
of a varied and abundant submarine Pauna, at depths which had generally 
been supposed to be either azoic, or oceuxhed by animals of a very low type ; 
and the character of the Fauna and of the mud brought up was such as to 
point to a chalk formation actually going on. 

It seemed desirable to carry the somulings to still greater depths, and to 
examine more fully the changes of tempci’atnro 'vvbich hjid been mc't until in 
the descent. Another application wnis accordingly made to the Adinirally in 
the imcsont year, and was no less readily acceded to than the former ; and a 
larger vessel -than that used last year is now on her cruize. 1 am informed 
by Dr. Carpenter that dredging has been snccessfully carried down to more 
than 2400 fathoms (nearly the height of Mont Blanc), and that animal life 
has been found even at that depth in considerable though its amount 

and Tciml arc obviously influenced by the reduction of temperature to Arctic 
coldness. A very- careful series of temperature soundings has liocn iakim, 


showing, on the same spot, a contmuous descent of tern^mraturo w’itli the 
depth, at first more rapid, afterwards pretty uniform. Thermometers pro- 
tected from pressure by a plan devised by Dr. Miller were found to main- 
tain their character at the great depths reached, the diferenco between them 
and the best ordinary thermometers used in the same sounding being exactly 
conformable to the pressure corresponding with each depth, as determined by 
the experiments previously made in smaller depths. All the obHcrvations 
hitherto made go to confirm tlio idea of a gojieral intcrcliango of jiolar and 
equatorial water, the former occupying the lowust depths, the liiticr forming 
a superficial stratum of 700 or 800 fathoms. The analyses of the wal.er 
brought up indicate a largo proportion of carbonic acid in the gases of the 
deep waters, and a general diffusion of organic matter. 

I must turn for a few moments to another application recently made to 
Government^ which has not been successful. The application I havi? in 
view was made, not by the British Association or other Rciinitific Soeietios 
in their corporate capacity, hut by a body composed of the Pn'sidont.s of the 
British Association and of the Koyal and other loading Bcicntitic Ho(dotit‘H ; 
and its object was, not the promotion of Science directly, but the recognition 
of preeminent scientific merit. In the history of science few names, indeed, 
hold so prominent a place as that of Faraday. Ihe perfect novelty of prin- 
ciple and recondite nature of many of his groat discoveries are such m to 
bear the impress of genius of the highest order, and to form an (>])och in the 
advance of science; and while his scientific labours excit^ed tlu' admiral ion 
of men of sciereo throughout the world, liis singularly genial disjinNition 
and modest unassuming character, won for liim tlie love of those who Inul 
the haj^piness of numbering him among their personal IrimidH. At a 
meeting of the Presidents of the Scientific Soddics [to which 1 have al- 
luded, it was resolved to erect a statue in memory of Faraday, 
was a man of whom England may well bo proud, and it was tlmnght! 
that it would bo a graceful recognition of his merits if the monnnieiit; 
were Greeted at the public expense. The present Olnmcc^llor of the Kx-* 
chequer, however, did not think it right that the recognition of nmim- 
tific merit, however eminent, should faU on the taxation of the country 
though even in a pecuniary point of view the country has received so much 
benefit from the labours of scientific men. The carrying out of the re.solu- 
riontengthus left private exertion, a public mcoiiiig, ])residcd over by 
M JiH.t;he Irincc of Wales, was heldin the Iloyal Iiisiiiuiion, an estuhlishineiii 
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which has the honour of being identified with Faraday’s scientific career. 
At this Meeting a Committee was formed to carry out the object, and a sub- 
sciiptioii list commenced. Ey permission of the Secretaries of this Asso- 
ciation, an office has been opened in the reception-room, where those Mem- 
bers of the Association *s\'ho may be desirous of taking part in the movement 
Avill have every facility iiifordcd them. 

fn chemistry, I do not ])oiievo that any great step has been made within 
the last year ; but peihaps there is no science in which an earnest worker 
is so sure of being rewarded l)y making some substantial acquisition to 
our knowledge, though it may not ho of the nature of one of those grand 
discoveries which from lime to time stamp their impress on difieront branches 
of science. I may bo permitted to refer to one or two discoveries which are 
exceedingly curious, and some of which may prove of considerable practical 
imiDortance. 

The Tnraco or Plantain-eater of the Cape of Good Hope is celebrated for 
its heantiful plumage. A portion of the wings is of a fine red colour. This 
red colouring-matter has been investigated by Professor Church, who finds it 
to contain nearly six per cent, of copper, which cannot bo distinguished by 
the ordinary tests, nor removed from the colouring-matter without destroying 
it. Tho colouring-matter is in fact a natural organic compoinid of which 
copper is one of tlic essential constituents. Traces of this metal had pre- 
viously been found in animals, for example, in oysters, to the cost of those 
who partook of them. Ikit in these cases tho presence of tho copper was 
merely accidental ; thus oysters that lived near the mouths of streams which 
came down from coppor-niincs assimilated a portion of tho copper salt, with- 
out apparently its doing them either good or harm. But in tho Turaco tho 
existence of the red colouring-matter which belongs to tboir normal plumage 
is dependent upon copper, which, obtained in minute quantities Avitli tho food, 
is stored up in this strange manner in tho system of tho animal. Thus in 
tho very same feather, partly red and partly black, copper was foimd in 
ahundanoe in tho rod parts, but none or only the merest trace in the black. 

This example warns us against taking too utilitarian a view of the plan 
of creation. Hero wo have a chemical substance elaborated which is per- 
fectly unifpxo in its nature, and contains a metal tho salts of which aro ordi- 
narily rogai'cled as poisonous to animals ; and tho solo purpose to which, so 
far as wo know, it is subservient in tho animal economy is one of pure deco- 
ration. Tims a pair of tho birds which were kept in captivity lost their fine 
rod colour in tho course of a few days, in conscqnonoo of washing in the 
water which was left them to drink, the rod colouring-matter, which is 
soluble in water, lanng thus washed out; but except as to tho loss of their 
bf'auiy it cloos not appear tlmt tho birds were tbo woi'so for it. 

A la;rgo part of tho calicos wliich aro produced in this oouniry in such enor- 
mous qnaniiti(\s arc mmt out into the market in tho printed form. Although 
other suhsia-nces arc employed, the place which niaddor occupies among dyc- 
stufis with tho ealico-priider is com])arcd by Mr. Sclmuck to that which iron 
occupies among metals with tho engumcr* It appears from the public rokinis 
that upwards of 10,000 tons of madder aro imported annually into tho 
United Kingdom. Tlio colours which madder yields to mordanted cloth 
aro duo to two substances, dizaiino and pinpurino, derived from tho 
root. Of these, alizarine is doomed the more important, as producing faster 
colours, and yielding finer violets. In studying the transformations of aliza- 
rine under tho action of chemical reagents, MM, Gracl)o and liebermnun 
were led to connect it with anthracene, ono of tho coal-tar series of bodies, 
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and to devise a mode of forming it artificially. The discovery is still 
too recent to allow us to judge of the cost with which it can^ ho oh- 
tained by artificial formation, which must decide the question of its com- 
mercial employment. But assuming it to ho thus obtained at a suffi- 
ciently cheap rate, what a rcmarkahlo example does iho discovery afford 
of the way in wdiich iho philosopher quietly working in his laboratory 
may obtain results which rovoliitionizo the industry of nations ! To the 
calico-printer indeed it may make no very important ditroreiuio vdieilier he 
continues to use madder, or replaces it by the artificial substamjo ; but wbnt 
a sweeping eliango is made in the madder-growing interest! What luiudreds 
of acres hitherto employed in madder-cultivation are set free for the produc- 
tion of human food, or of some other substance useful to man ! Such changes 
can hardly he made without temporary inconvcnicnco to those who are in- 
terested in the branches of industry affected; but we must not on that 
account attemjpt to stay the progress of discovery, wliich is conducive to the 
general weak 

Another example of the way in which practical applications imcxpoctedly 
turn up when science is pursued for its own sake is afforded by a result 
recently obtahied by Dr. Matthicssen, in his investigation of the constitution 
of tho opium bases. Ho foiuid that by the action of liydrochloric acid on mor- 
phia a new base was produced, which as to composition differed from tho for- 
mer merely by tho removal of ono equivalent of water. But the physiologi- 
cal action of the now base was utterly different from that of tho original one. 
"While inoridiia is a powerful narcotic, the use of which is apt to he fullow'od 
by subsequent depression, tho now base was found to bo Iroo from narcotic 
properties, but to bo a powerful emetic, the action of whitsh was unaitondod 
by injurious aftcr-oifccts. It seems likely to become a valuable remedial 
agent. 

In relation to mechanism, this year is remarkable as being Iho ccuitcnary of 
tho great invention of our countryman James Watt. It was in the year 1 769 
that he took out his patent involving tho invention of separate condonsuUon, 
which is justly regarded as forming the birth of tho sie/am-engino. Little 
could even Ms inventive mind have foreseen tho magnitude of the gift he was 
conferring on mankind in general, and on his own coxuttry juoro pariiculariy. 
In these days of steamers, power-looms, and railways, it requires no small 
effort to place oxirsclvcs in imagination in the condition wo should ho in wiih- 
out tho steam-engine. It needs no formal cclobraiiou to remind Brilmis of 
what they owe to Watt. Of him truly it may ho said mounmoifitm 
r^gxmm ciroum sjneeJ’ 

With reference to those branches of soioneo in which wo arc nu>ro or Ichh 
concerned with the phenomena of life, my own studies give mo no right, Ui 
address you. I regret this tho loss boeauso my prodccoHSor and my probable 
successor in the Presidential Chair are both of woll-kiio wu eminence in Ibis 
department. But I hope I maybe x)ermiUod as a physicist, and viewing (lie 
question from tho physical side, to express to you my views as to the, rtla- 
tion 'which the physical bear to tho biological scionecs. 

¥0 other physical science has been brought to such perfection as meelnt- 
nxes ; and in mechanics wo have long been familiar with the idea of the per- 
fect ‘generality of its laws, of their applicability to bodies organic m well as 
inorganic, living as well as dead. Thus in a railway collision when a train is 
suddenly arrested the passengers are thrown forward, by virtue of the inertia 
of their bodies, precisely according to the laws which regulate tho motion of 
dead matter. So trite has the idea becomo that tho reforcnco to it may seem 
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oliildisli ; but from mcclianics let us pass on to cbemistry, and the ease mil bo 
found by no means so clear. When chemists ceased to bo content with the 
mere ultimate analysis of organic substances, and sot thcmselycs to study 
their proximate constituents, a great number of definite chemical compounds 
wore obtained which could not bo formed artificially. I do not know what 
may have been the usual opinion at that time among chemists as to their 
mode of formation. Probably it may have been imagined that chemical 
affinities wore indeed concerned in their formation, hut controlled and modi- 
fied by an assumed vital force. But as the science progressed many of these 
organic substances were formed artificially, in some cases from other and 
perfectly distinct organic substances, in other cases actually from their ele- 
ments. This statement must indeed ho accepted with one qualification. It 
was stated several years ago by M. Pasteur, and I believe the statement 
still remains true, that no substance the solution of which possesses the pro- 
perty of rotating the piano of polarization of polarized light had been formed 
artificially from substances not possessing that property. Now several of the 
natural substances which are deemed to have been produced artificially arc 
active, ill the sense of rotating the plane of polarization ; and therefore in 
these eases the inactive, artificial substances cannot he absolutely identical 
with the natural ones. But tlio inactivity of the artificial substance is 
readily explained on the supposition that the artificial siibstanco boars to the 
natural, the same relation as racemic acid bears to tartaric, — that it is, so to 
speak, a mixture of the natural substance with its image in a mirror. And 
when wo remember by wha.t a peculiar and troublesonio process M. Pasteur 
succeeded in separating racoinic acid into the right-handed and left-handed 
tartaric acids, it will bo at once tmdorstood how easily tho fact, if it bo a 
fact, of tho existence in tho natural substance of a mixture of two substances, 
one right-handed and tho other left-handed, but otherwise identical, may 
have escaped detection. This is a curious point, to tho clearing up of which 
it is desirable that chemists should direct their attention. Waiving then tho 
difibronce of activity or inactivity, which, a,s we have seen, admits of a simple 
physical explanation, though tho correctness of that explanation remains to 
bo investigated, wo may say that at the pi'csoiit time a considerable number 
of what used lobe regarded as csseniinlly natural organic substances have 
been formed in tho laboratory. Tluit being the case, it Hoonis most reason- 
able to BuppoKo that in the ])lnnL or aiiinml from which those organic Bub- 
stanccs were obtained they wore formed by tho play of ordinary chemical 
affinity, not necessarily nor jirobably by tlio same series of reactious liy 
which they wore formed In tlic laboratory, where a liigh tomporaturo is com- 
monly employed, but still by chemical reactions of some kind, under the agency 
in many cases of light, an agenty sometimes employijd by ilio chemist in his 
laboratory. And since the ])ouiidary lino between tho natural substances 
which have and ilioso which have not Ixum formed artificially is one which, 
so fur as wo know, simply doponds upon tho amount of our knowledge, and 
is continually changing as now processes arc discovered, wo are led to extend 
tho same reasoning to the various chemical substances of which organic 
structures are made up. 

But do tho laws of chemical affinity, to which, as T have endeavoured to infer, 
living beings, whether vegetahlo or animal, are in absolute su1)joction5 together 
with those of capillary attraction, of diffusion, and so forth, account for the for- 
mation of an organic stnicture, as distinguished from tho elaboration of the che- 
mical substances of which it is composed ? No more, it seems to me, than tho 
laws of motion account for tho union of oxygen and hydrogen to form water 
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thougli tlio ponderable matter so uniting is subject to tlie laws of motion 
during the act of union, just as well as before and after. In tlic various pro- 
cesses of crystallization of precipitation, and so forth, which wo witness in 
dead matter, I cannot see tlie faintest shadow of an approach to the forma- 
tion of an organic structure, still less to the wonderful series of changes 
whicli are concerned in the growth and perpetuation of oven the lowliest 
plant. Admitting to tlie full as highly probable, iliougli not completely de- 
monstrated, the applicability to living beings of the laws which have been 
ascertained with rcfcrcnco to dead matter, I fool constrained at the sanus lime 
to admit the existence of a mystoriotis mneflilng lying beyond, — a something 
sid generis, which I regard, not as balancing and suspending tln^ ordinary 
physical laws, but as working with them and through them to the attainment 
of a designed end. 

What this something, which we call life, may he, is a profound mystery. 
Wo know not how mmy links in the chain of secondary causation nmy yet 
remain behind ; we know not how few. It would be prosumpiuous imh'cd to 
assume in any case that wo had already reached the last link, and to charge 
with irreverence a follo-w-worker who attempted to push his investigations 
yet one stop further back. On the other baud, if a thick darkness cnshrotids 
all beyond, wo have no right to assume it to bo impossible that we should have 
reached oven the last link of the chain ; a stage where fiirlhor progress is unat/- 
tainablc, and we can only refer ilic liiglicst law at which we stop])(‘(l to the hat 
of an Almighty Power. assume the contrary ns a matter of necessity, is prac- 
tically to remove the First Canse of all to an infinite dist anee from ns. The boiin- 
dary, however, between what is clearly known and what is veiled in impene- 
trable darkness is not ordinarily thus shar])ly defined. Botw(‘on f lic two lh( 5 ro 
lies a misty region, in which loom ib(i ill -discerned forms of links of the ehain 
which are 3 mt b 03 mnd us. But the gonci’al ])riucii)lo is not afle(*fe<l Ihertdjy. 
Lot us fearlessly trace the dependence of link on linlc as far ns it; may ))o 
given us to trace it, but let us take heed that in thus staidying second causes 
we forget not the First Cause, nor shut our eyes to the wonderful ]>rooth of 
design which, in the study of organized beings especially, meet us af. every 
turn. 

Truth wo know must bo sclf-conaisicnt, nor can one iruili coniradiet 
another, oven though the two may have been arrived at by f.nially difh^ront 
imoocBSOs, in the one case, suppose, obtained by sound HeienfiHe invesf igaiion, 
in the other case taken on f.riist fi’om duly auiheni.icaicid wif nessevs. IMisiii- 
torpretaiions of course there may bo on iho one side or on the oflu'r, causing 
apparent contradiciioTis. Every nudhemalieinn knows fh;il» in his ])rivafo 
work he will occasionally’* by two diflerent trains of‘ reasoning arrive nl. dis- 
cordant conclusions. He is at once aware that ibero must ])e a slip sonntwhere, 
and sots himself to dcd.ecd and correct it. Wh<ui eonelusions iv’si on ])robn- 
blo cvicloncc, the reconciling of apparent eontradi<’ii(ms is not so simple {ind 
certain. It requires the exercise of a calm, nnluasst'd judgment, (‘apublc of 
looking at both fciid(\s of the question ; and oftimtinu^s wo luivc long to sus- 
pend our decision, and seek for further cvidonco. Kono need A^ar ihe etlbet 
of scientific inquiry Cvurricd on in an honest, truth-loving, humbh^ spirit, 
which makes us no loss rcuidy frankly to avow our ignora.nco of what we can- 
not explain than to accept eonelusions based on smtnd evidence. The slow hut 
sura path of induction is open to us. Let us fnum hypotheses if wc will j 
most useful are they when kept in their proper place, as stimulating inqniiy. 
Lot us seek to confront them with observation and experiment, thereby con- 
firming or upsetting them as the result may prove ; hut lot u$ beware pla- 
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cing them prematurely in tlic rank of ascertained truths, and building further 
conclusions on them as if thc}' -were. 

When from the phenomena of life we pass on to those of mind, wo enter 
a region still more profoundly mysterious. We can readily imagine that wc 
may here be dealing with phonoincna altogether transcending those of mere 
life, in some such way as those of life transcend, as I have endeavoured to 
infer, those of chemistry and moh^ciilar attractions, or as the laAVs of chemi- 
cal affinity in their turn transcend those of more mechanics. Science can be 
expected lo do hnt little to aid ns hei-e, since the instrument of research is 
itself the object of investigation. It can but enlighten us as to the depth of 
our ignorance, and lead us to look to a higher aid for that Avhich most nearly 
concerns our wellbeing. 
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Report of a Committee appointed at the Nottingham Meeihig, 1860^ 
for the purpose of ’Exploring the Plant-beds of North Greoiland, 
consisting of Mr. IIohert II. Scott, Dr. IIooker, Mr. E. H. 
WHYMrEiij Dr. E. P. Wright, and Sir W. C. Trevelyan, Bart.^ 

In their preliminary llcport, which was presented to the Association at the 
last Meeting, the Committee stated that the sum voted by the Association 
had been handed over to Mr. Edward Whymper, one of their members, who 
was in Greenland at tlie time of the Meeting. 

In»the course of the autumn he returned to England, bringing his collection 
of fossil plants with him. 

The Committee then resolved to forward the entire collection to Prof. Ileer, at 
Zurich, for the purposes of identification and description, and they accordingly 
made application to the Government-Grant Committee of the Iloyal Society 
for a grant of money to pay for the carriage of the specimens to and from 
Zurich. 

The Government-Grant Committee, who had formerly assisted the expe- 
dition to Greenland by a most liberal grant of money, at once acceded to the 
second application, and the fossils were sent to Switzerland in the course of 
last spring (1808). 

As soon as they are sent back, a complete series of the specimens will bo 
forwarded to the Britisli Museum, in aceordauco with tbo conditions laid 
down by the Association at the time the money was voted. 

The Committee append hereto Mr. Wliympcw’s llcport of his journey, 
and a notice forwtirded by Prof. Jlecr, giving an account of the most impor- 
tant results obtained by this expoditiou. 

Report of Proceedings to obtain a CoUeellon of Fossil Plants in Worth Green-- 
land for the Committee of the British Association* By Edward Whymper. 

July 18G8. 

Sir, — arrived at the Colony of Jakobshavn, North Greenland, on the 16th 
of June, 1867, but was unable to start for Atanekerdlnk, distant northwards 
about sixty English miles, before August the lOtli. In the meantime I 
purchased the only boat that could bo spared, and obtained as much infor- 

^ Read at the Norwich Mooting, 1868. 
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matioa as possiUc from tlio Danes and from tho natives respecting the loca- 
lities “WO were about to visit. From the information so obtained, it was 
evident that the fossil stores on the hill of Atanekerdlnk had already been 
well ransaCfkod, and that wc could not hope to meet with any great xiovolties 
in that direction. I obtained, however, some amber, through the natives,^ 
from a locality on Disco Island, which had not boon examined, and heard of 
two other places wlicro fossil wood had been discovered. These placets, 
tljarasiiksumitok and Ivndliset, are described at length further on. 1 also 
secured by purchase several Hpocimons from Atanekerdlnk, and a few fossil 
shells from Faitorfik in the district of Umcnak 

■Wo were ready to start by the middle of August, but the natives on whom 
wc had relied for a crow preferred to go south, to a dance at Cianshavn ; and 
it was owing to the kindness of the trader at Jakobshavn, who gave us a 
passage in a blnbbor-boat returning to Eitoiibciik, that we wore at length 
enabled to stai’t on our journey. "Wo got to Eitcnhcnk at 1.30 A,ir, on the 
20th of August, and in spite of the inconvenient hour at which wo arrived, 
were received with the greatest ■warmth and hosintality by Mr. Anderson. 
On the evening of the same day wo again vstarted ; this time with a strong 
feme, by the advice of Mr. Anderson, the trader. There were now with mo 
two boats, one hired at llitcnbenk, eleven native men and women, and Messrs, 
Brown and Tegnor (naturalist and intci'protcr). I tried hard to engage the 
natives to go as far as XTinoiiak, but failed to got them to promise to go 
further than Atanekcrdluk. 

"Wo started at 10.30 p.ir., and our course soon took us into the midst of 
the Tossukatek icc-sircara, a great assemblage of icebergs largo and small, 
which were given off from a glacier whoso summit wo could just see on the 
horizon. This ico-stream was remarkable for tho enormous numbor cf ice- 
bergs it contained, and was also notable for the small amount of moraine 
matter upon them. Ileally large blocks of rock wo did not scc^, and those of 
a yard in diameter wore rare ; but there was abundance of small stones, of 
grit, and of sand upon tho bergs. There is no doubt that beneath tho course 
of the Tossukatek ice-stream, as below all others t, there arc conglomeraio 
strata in course of formation, which cannot now be soon, but which may 
possibly be presented to the view of future travellers. 

Shortly after passing through this ice-stream we arrived at tho small 
settlement of Saldcak J . This place stands by tho water’s edge at tho entrance 
of a great valley running into tho heart of the IToursoak peninsula. A 
sidex’able river that flows down this valley falls into tho sea alii tie to tho 
north of the settlement, and appears to form tho boundary lim^ of ilu*. grniuio 
districts which wo were just quitting, and tho trap formation upon which wo 
were just entering. 

A solitary Danish man lives at this place, and has done so for twimty- 

^ Asfcai'lo Ruleata, Coslir. Mya tinmcata, 

crcbricosiafa, Forhe.^, Ciirclium — ? 

ollipiica, Brown, 

- t .On the voyage up Davis PItraits wo wore becalmed off Kifkol, a nolcd landinarlc, and 
aticnored on some banka in eighteen fathoms. These banks have certainly been greatly in* 
creased, if not originated, by the deposition of matter from the icebergs of tl)e fTnicobshavn 
mo-stream. At the time wc were anchored a large numbor of small horgs wore aground 
upon them, breaking up and revolving all around. We took the opportunity to put dcm^L 
the areclge, and although we only worked from tho ship side, and conHoquently over a very 
limited amount oi bottom, we brought up in two or three liauls iVagraenta of granite* 
gneiss (some with garnets), syenite, quarte, hornblende, gi*eenslone, and mica-slate. The 
sountog-lead shoyd a fine sand bottom, and the anchor fiukes brought fetid mud* 

% The word 3akkak means, according to Gfieseoko, ^‘sunside,'^ i e, southerly aspect. 
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four years. He says that the glaciers which can be seen from his house, 
both on the Foursoak peninsula and upon Disco Island, are steadily increas- 
ing ; so much so that their progress can bo noted every year. This state- 
ment coincides Tviih the observation of Sir C. Giesccko nearly sixty years ago. 
The latter says'^s speaking of the route to Umenak, formerly they drove 
generally over Gamle Eitoubenkt, but for several years the road has become 
impassable in consequence of the ‘ iceblink ’ by which the v^hole continent 
there is covered. The same will take place with the new road at present in 
use.” The glaciers to the south were, however, as far as I observed thom^ 
decidedly shrinking. 

At Sakkak wo were joined by a native guide for Atanekerdluk, named 
Gudemann, and also by two others who volunteered their services. We con- 
tinued our journey after a brief halt, and arrived at our destination shortly 
after 1 a.m. on August the 22nd. 

The name Atanekerdluk is applied by the natives to a basaltic peninsula, 
about half a mile in length, connected with the mainland by a sandy neck, 
which is apparently covered by the sea at spring-tides. A bay with a sandy 
beach stretches about two miles to the south, and at its further extremity 
there is another promontory, of columnar basalt, named Imnarsoit. Between 
those two xnomontorics, and indeed along the whole of the shore from the 
above-mentioned valley at Sakkak to the most northern point of thoFonrsoak 
peninsula, mountains rise from the water’s edge and attain in some places a 
height of 5000 to 6000 feci. Behind the peninsula of Atanekerdluk they 
do not, however, attain a height greater than 3600 or 3800 feet. They are 
cut up by numerous small valleys and ravines. 

The position of Atanekerdluk is indicated at a great distance by means of 
three mountain-peaks of symmetrical form. The fossil bed is one-third way 
up the most nortbern^^f these, and between it and the central one. Tinder 
the guidance of Gudemann we started for it at midday on the 22nd. The 
sides of the hill on which it is situate (an outlying buttress of tho mountain 
already mentioned) were of considorablo steepness, and channelled in many 
places by small streams. It was mainly composed of sand and of shalesi 
Ld was strewn with disintegrated fragments of hardened clays, sandstones, 
and basalt. The most prominent features were tho^ dykes of trap which 
appeared in numerous jdacesf, somotimos as regular in form as built walls, 
aud in others picturesque as lUiiiie castles. Pive, if not six, of these dykea 
appeared at different places in the section of the coast between the hoadlands 

of Atanekerdluk and Imnarsoit. , t i ^ ji 

It has boon already inoiiiionod that this locality had been frequenUy 
visited^ before 18(J7 for tho sake of its fossil deposit. This was evident by 
numerous fragmeiitH that wo ‘itmnd in the course of our ascent, which had 
boon dropped by olhctH in descending, and it seemed at first as if the deposit 
was very extensive. ¥o fumul it in fact to be confined wito toOTow 
limits It did not appear (o extend a greater length than 400 feet, mth a 
maximum depth of 150 foot. In most places the portion exposed 
nothing more than a seam a few feet in depth. It was on a shell of the hiU 
at tlio height of 1175 feet li ; tho southern end was exposed on the north sido 

* Giesocke’s MS. Journal, year 1811. 

’f* Tlifl Danish name for tho scitlonicnt of Sakkak. ^ i. 

i Thoso as well as the other points of Atanokcrdlnk, were illustrated by a roferonce to 
a photograph of a drawing made from my sketch taken on tho spot. 

J By Danes, or by natives collecting for Danes. 

11 Tho mean of eight observations by aneroid, 
feet. ^ i 


Capt. Ingloficld gbrea the height l(jS4 
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of tlxo most promiacnt of tlio ravines already reforred to. The length of the 
deposit, that is to say the face of the hiU on which it was found, fronted the 

Waigat, due west, magnetic. i i i n 

I took from England, besides hammers, picks, and shovels, all the neces- 
saries for blasting; but these latter were uimocessjiry. ^ The seam was ^ l\rr 
the most iiart enclosed by sand, and spoeimens wore obtained wiilj ease. The 
division of iMhoiir was a.s follows:— The natives (foiirie(m) eolhaiied, llw 
Tegnor interpreted, and t selected, i direct'd Mr. Brown to <‘,oll<‘(d. speed- 
mens of the difforout strata in order that scMdious miglit ]>e pr(‘]ntred*. Tlu^ 
specimens are botbre me, and comprise; — ^liasnlt ; sjuulstone eontaining nodules 
oHasali rather smalU'r than an ordinary walnut; indnrai(‘d black mud, pro- 
bably derived from decomposed ha.sa.lti(5 nuk : limestone ; calcareous mud, 
containinglimo and alumina ; calcareous mud with layers of vogotahlo matter ; 
sandstones of different degrees of fineness ; sandstone containing* a largp 
amount of alumina; coarse sandstone, about cipiivalent to the miilsioiio grit 
of Derbyshire and Yorkshire ; coarse conglomerate sandstone, with frjtgmentH 
of silica about the size of common horse-beans ; calcareous sandstones of 
different degrees of fineness (effervescing readily when hydrochloric, acid is 
applied); fine-grained calcareous sandstone, in which the lime enervesccs 
when hydrochloric acid is applied, and containing mica distributed in iiaf.clu's 
with silica ; calcareous sandstone, with layers of vegetable matter ; fm*riigi- 
nous conglomerate (grains of quartz, cemented together by oxide of iron); 
hard clay of black colour ; fine hardened mud containing vegetable impres- 
sions ; streaks of clay, with layers of coal onc-sixtt'.cnth of an inch thick ; 
bituminous shale ; and lignite f* After aliard day’s work wo returned to our 
camp, in a ruinod native house by the shore. It froze sharply during the 
night. 

On the 23rd we resumed work, and by the close of the day had made a 
large collection of good spocimoiis. It was my endeavour to select, as far m 
possible, perfect specimens of individual species, rather than fine slabs tK)n- 
taining numerous species. Unfortunately a large number of the finest 
specimens were irremediably smashed in transit down the hill ; this wan 
due much more to the brittleness of the specimons and the steepness of the 
descent than to carelessness. The natives indood worked admirably. 

On the 24th we finished our work at this locality, A trench had hetm 
dug by this time 20 feet in length, to a depth of 5 foot, completely thrcnigh 
the seam, and the section showed ; — 


1. 

Stratum of fine sand, light grey colour 

2. 

it 

similar to No. 1, darker 

3. 


fine white sand 

4. 

99 

similar to No. 2 

5. 

99 

„ ITo '. 3 

C. 

99 

yellow sand. 


ft. 

1 


in. 

7 doq). 


8 

0 

G 


5 » 

>» 


The impressions of loaves wmro found for the most part in Biraium No. 1, 
or upon the surface; they were also obtained from Nos. 2, 8, but I 
believe not lower. Those found in the uppermost and upon ilio surfaci^ were 
cr^narily in hard clay, rod in colour, duo to oxide of iron. These did not; 
suffer much by transportation ; but the surface had apparently undergone a 
Careful scrutiny, and few very perfect specimens were obtained from it. 


* The sections have not yot been handed to me. 
t These specimens have been named by Prof. J, Tennant, who has obliaecl 
and naming all the specimens referred to in this Report 


mo by examining 
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The impressions in the softer and more brittle shales ^vere obtained some 
depth below the surface ; these yielded the best specimens, but they suffered 
greatly in transit. Those found at the greatest depth were almost invariably 
in lumps of hard clay that fractured irregularly ; these differed from the 
others in being of an iron-grey colour. They have reddened since they have 
been exposed to the atmosphere. The trench was dug about midway be- 
tween the extremes of the deposit, and examination at other points showed 
a similar arrangement. The hill at this part was mainly composed of sand, 
enclosing numerous thin seams of brittle indurated clay, rod in colour, con- 
taining a good deal of iron and of moderately fine-grained sandstones. 

^ We wore imablc to find the “ perfect stem, standing four feet out of the 
side of the hill,” spoken of by Capt. Inglcfield and it was unknown to the 
natives. It was said to have stood on the edge of a precipice, in the ravine 
on the south of the hill, and it has probably been buried in a faff that 
appears to have taken jdaco not very long ago. In the sides of this ravine, 
both above and below the leaf-deposit, numerous beds of lignite are exposed, 
at least one being of considerable thickness. I brought homo from this bed 
a block 1 foot 9 inches in thickness, a portion of which has been analyzed in 
the laboratory of Mr. T. W. Keates of Chatham Place, with the following 
result : — 


Specific gravity 1*309 


Gaseous and volatile matter 

45*45 


Moisture 

>75 

46*20 

Sulphur 


*55 

f J’ixod carbon 

47-75 

5*50 





63*25 



100*00 


The lignite contains a trace of bitumen ; the coke is non-caking, and of little 
use.” 

In this lignite wo found small pieces of amber, the largest being about the 
size of a common pea. We also found amber, hut in still smaller fragments, 
in the leaf-deposit itself. It was nowhere abundant. 

The scantiness of the living vegetation at Atanekerdlnk offered a marked 
contrast to the luxuriaiico displayed in tho leaf-deposit. Although this was 
the sunny side of tho Waigat Strait and tho hills wore completely free 
from snow, vegetation was as meagre as upon Pisco Island itself. The 
drifting of tho sand accounts for this doubtless to some extent. Tho largest 
dead wood measured less than an inch and a half in diameter, and the largest 
growing Avood less tlian an inch. 

Tho most romarkjiblo natural object at Atanckerdluk is a trap pinnacle f. 
Tho surrounding soil has been removed, leaving this portion of a former dyko 
standing perfectly isolated. Its height is about eighty feet. 

On the evening of August tho 24tli wo rowed across the Waigat to a little 
settlement on Pisco Island, named Unartuvarsok, immediately opposite to 
Atanckerdluk. At this part the Waigat is nearly twelve miles across, and 
its passage took us more than four hours. 

* Private Journal of Capt. E. A, Inglofiold, quoted in “ A Heport on tho Miocene Mom 
of North Greenland,’’ by Prof. O. Heer, 1866. Journal of tho Poyal Publin Society, vol. iv. 

t A photograph of Avliich from a drawing made from a sketch taken on the spot was 
exhibited* 
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Unartiiyarsok is now tlio only inhabited place on tlio whole of the Waigat 
side of Disco Island, and the solo inducement to visit it lay in the expecta- 
tion that we should be able to find a native -svho knew tlio localities of Uja- 
xasuksumitok and Kudliset. In this we wore not disappointed ; the native 
catochist (teacher) ohbrod to act as guide, and moreover iuviled us to pass 
tho night in his houses AVo did so, and found the atiuos])liero most filthy. 

Early on the following morning ive ngnin started, passing at a slu)rt 
distance from tho soltloinout some n'liuirkable p('aks that siood in advance 
of the gr<*at basaltic cliiik which are ilic fcalures of Diseo islmuL 

These clifls arc overywhero crowned by glueiers, whieli oe.easumully, hut 
rarely on tho Waigat side of the island, ])our over ami advanct^ towanlH 
tho shore. Near the seitlomoni of Uiuirtnvarsok there arc two or three 
points, at least, at which this glacier-plateau could be reached without muck 
difficulty^. 

Coal-seams are exposed at a number of points hotli along the AVaigai and 
on tho coast between Elakkerhuk and (lodhavii. Dr. Kink mcmlioust hvo 
places at which it is found along these shores ; there are at least thr(‘c others, 
— one spoken of by Gicsecko ; another near to Issimgoak Kess, from whicdi 1 
obtained amber through tho natives ; find a third nearer to Godluivn. At 
the time of our visit fossil wood had been found: — Ist, at .Igluisiuk, near 
Godhavn ; 2nd, at Signilik, between the last-iia,mcd place and Fhdekerhuk ; 
3rd, at TJjarasusiik (Djarasuksnmitok) ; and 4ih, at KnlMden (Kndlisei). 
Bpecimons from those places aro in the University Aliiscnm at Copenhagen, 
and on my return I obtained, ilirough tho courtesy of Professor Jolmsiriip, 
duplieato spooiniens from tho first two named. Until the tinie of our visit 
leaves had not, however, ])cou found, with tho exception of a few specimens 
by Dr. Lyall. Amber had, however, boon found at several places ; and from 
this fact, and from tho statomont by Giosceko that lie had himself observed 
impressions of leaves (apparently Amjdka Arckoufdiea), there was little 
doubt but that a more careful search would yield results. It was most im- 
portaht to find the place spoken of by Gioseoko as lUtcnbonk's Xulbruml. 
There was difficulty in doing so: tho natives differed among thomsolves j but 
we now know that this namo is applied equally to all the places along the 
Waigat coast of Disco from which coal has boon taken for Bitunbenk. At 
the present time coal for that colony is only taken from ono place on Disco, 
namely, Ujarasuksumitok; but it has been taken from eovoral others, and 
hence we were much puzzled to determine tho precise point to which (jliuHocko 
referred, 

On arrival at Ujarasuksumitok it was found that tho coal 'was <jxpoHc‘{l in 
the cliffiby tho shore, at a height of about fifty feet above the sea. U Imd 
been worked a length of fifty foot to a depth of four and a lialf ; one c^mld 
not say what was tho entire depth of tho seam, a« tho lower part was CDV<n’t!d 
up by dtbns. All tho natives were put to work, but fur some hours wo fniliMl 
to find anything more than wood (up to five inches diameter), chuiTcd simris, 


i * Waigat. strait is laid down very moxuctly in cxi.s<ing inanM. Tho 

chart of Dr. Biiik, which is probably tho best, mates the Disco coast vtMv nearly a sirHiirht 
line from the promontory oallod I.ssungoak Ness to tho shores oppo.sih^ to ihirc IhIhikI 
in tact tbeeoasfc-line from the above-named point to half way np tbo strait is ibritJcd by 
one great toy that includes numerous smaller ones. We coasted tIio.se, and remfirketl i luit 

shallow. At a distanoe of 

ahaHEnghshmile, or even more, there were places with a depth of only eight or nine 

appeared to be shallow. Bnuilf icoberps wore 
aground ni numerous places in the very centre of it. vrcio 

t Grbnland Geographisk og Statistisk be^kreyet, vol. i. pp. 173, d:c. 
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doubtful impressions, and a few grains of amber. I then went along the 
coast towards the north, and was at length rewarded by finding a fair speci- 
men, containing leaves, in the bed of a small stream. It was in hardened, 
warm-coloured clay, similar to that obtained at Atanekordluk. I followed 
the stream to its source, a height of about 1000 feet, without finding 
anything more. Then returning, I w-ent to the south, and in another and 
larger torront-bod found several others. The natives, now put on the right 
track, soon brought in a fair collection. Gudemann was the fortunate dis- 
coverer of the Muf/nolla cone, to which Prof. Heor refers, and he was greatly 
surprised at the reward it produced him. 

All the specimens collected at this place were obtained from these two 
torrent-bods : Mr. Brown, who followed the fossils up to their source, reported 
that they came from a thin scam clifidcult to get at. As it was becoming a 
question whether the boats would carry all the specimens wo had already 
collectod, I decided to push onwards the same night to Kudlisot, which, from 
reports received, scorned a more promising place for investigation. 

We arrived there about midnight, and camped very smartly. The weather 
had already become sufficiently cold to frce 2 ;e tho salt water in the hays at 
night, and during the whole day fresh water remained frozen in the little 
pools on tho land. Tho whole of this part of Pisco Island was very dismal. 
Its aspect allows tho sun to shine upon it for hnt a small portion of tho day 
and all animal life seemed to shun it. A few ptarmigan w^ero tho only 
living creatures we saw on tho land during tho days wo passed on these 
shores. There was little wmndcr that the natives ■were already wishing to 
return. They were ill-protected from the weather ; for, from reasons which 
need not bo mentioned, it wms impossible to allow thorn to enter the tents, 
and they had only such shelter as they could obtain by piling up turf and 
stones, and covering themselves with a few small blankets and spare skins 
which we had brought with us. 

At this place (Kudlisct) coal (lignite) was exposed in a clifi; on tho south 
side of the bed of a small stream in two seams, 4 feet apart, for a length of about 
30 feet, difficult to get at. They were 105 feet (by aneroid) above the sea, 
and distant from it about 300 yards. The lowest seam, 2 feet thick, was 
resting on a bod of indurated clay, and hetwecii tho seams was a coarse and 
very loose, crumbly sandstone. The uppermost seam, one foot thick, was 
capped by a finer and harder sandstone which I could not measure. Tho 
wiolo, above and below, was enclosed by sand. 

In the torront-bod avo (juickly found sonio considerable masses of fossilized 
wood, and 1 folloAVod tho stream upwards in }u)j)Os of finding leaves. At a 
height of about iSOO fV.et I o])t!iinod agates iu basalt, and following the stream 
to its somxo (about 1000 feet a])ove the sea), came nearly to tho foot of tho 
groat basaltic clifis. Tho HjnHmncns collcclod liere include hardened clays 
which have taken form in cavities in tho basalt. Eoturning to my party I 
found that they had in the nuainiinu'. obtained some indifferent and fair 
spocimons from the torrent-bed, and from ibe saiidstono above the coal. 
We afterwards added to tlioir number, but the coarseness of the stone pre- 
vented any veiy good specimens from being obtained. We also secured some 
good specimens of fossil wood, about one foot in diameter. Kodulcs of argil- 

^ The Banish man at Sakkak infoi’mcd ino that the coal was got out easily enough 
during the summer time, but that at a depth of 12 feet it remained frozen throughout the 
year. On arriving at the frozen coal, they commonly wait two or three days to allow it 
to thaw, before continuing to work it. 
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laceoiis oxide of iron, having usually in tlie centre kernels of the same, wore 
abundant in the stream and in the soil at its sides. 

Mter a half-day’s work we had apparently exhausttal this locality. The 
specimens obtained wore again ehiolly taken from the torrent-bed. It wan 
a matter of difEculty, if not of danger, to got any from th<^ sandstone above 
the coal; and as tlio natives wen' murmuring Ihiqueiitly at Ixdug tnkeu 
away further than they liad agreed, I wait Mr. Brown to lh<‘ south with one 
boat, to examine the coast, and then pron'cd to Uitenlnoik, via Aianekenlluk, 
wdiilo I went wiili the other bout as tar north along ilu^ Uiseo shore as tlie 
natives would go. A little furtlier along the {‘oast, I found some dou])tful 
impressions of leaves in a great wilderness of stones brought down hy a 
glacier-torrent, and about three miles still further north eanu^ to the magni- 
ficent gorge in the sandstone elifls by the shore, to which 1 have vainly 
endeavoured to do justicjo in llie view exliihited'^’. One mile after this the 
cMs by the shore came to an end, and the coast ap])arently ctintimu'd ipiite 
hat ixntil opposite Jlaro Island. The natives agreed that no coal wits visible 
along the whole of this shore, and we crossed to Maniiik, on the ojiposite 
side of the Waigat. Hero there xvas a. small iliiu scfun of coal, exposed in a* 
cliif not far from the shore ; but I ol)taincd nothing from it, and we {'ontinueil 
our course to Atanckordluk, arriving Khortly after midnight: hen^ we passed 
the night of the 27th August. The next day was occupiial iu loading tlio 
boat wdth the specimens xvo had loft tluTo, in sketching, and in compliding 
the examination of the hx'ality. Atd r.Jvi. w'e starled for Hiikkak, and hit 
it at S.Bd, arriving at JUtenlK'iik on the morning of the 2Uth August. l\lr. 
Uxwn had arrived about twelve liours liefore, but, like ourselves, had faihal 
to make any fresh discoveries. 

At llitenbcnk w^c remaiiu'd three days, xvith foul W'eather. During this 
time the collections, including many hundred specimens, uniounting to con- 
siderably more than half a ion in weight, wore repueked. We w*<uh'- IIk'U 
favoured, by the kindness of Mr. Anderson, wdth a passage in a blublier-bout 
to Godbavn, at which place wo arrived on Heptomber the 4th, al'ter a most 
disagreeable voyage. On the 10th xve sailed on board the brig * Koidllsken/ 
and arrived at Copenhagen on October the 22iid. 

In conclusion it is right to observe that those collootiuns could not have 
been made excepting by moans of the facilities alforclod by the Danish 
authorities. Wo may feel a natural satisfaction that bo many as eighty 
species should have been discovered ]>y iho. labours of Professor lT(M‘r ; )»tii 
it should be remembered that tliey are primarily due to the invaluable in- 
formation given by llcrr C. 8. M. OJrik, the Director of the (hvcnlmnl Tra(l(\ 
Scarcely loss are our tluiuks duo to llcrr K. Hinith, ibo presemt lnHp(‘c(<ir of 
Korth Greenland, and to llcrr Anderson, of lliienbcmk; hoih ol* iln'wi 
gentlemen gave mucli assistance, at coiisidornblo personal trtnibh^, wliicli was 
of the greatest service. 

To Eoheri If. 8coU^ Edwabu WuYjarKH, 

Secretary of the Committee of 

the Britkh Association. 

PreUmmamj Eejport on the Fossil Plants collected hy Mr. Whympta* In North 
Greenland^ in 1867. By Prof, Oswax.1) IIebb. 

The fossil plants which have heon sent to me by Mr. Whymper have coiuo 
partly from Disco Island and partly from Atunekordluk. 

the sh^e^^ boxilders of ^aixite, probably transported by sca-ko, were lying on 
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The specimens from Disco occur in a coarse-grained sandstone which is at 
times yellowish, and at times reddish-grey. They were collected at two 
localities on the eastern side of the island, on the shore of the Waigat, in 
lut. 70°, or thoreiiboiits. One of these is named Kudlisot (Kudlisct), the 
other is Ujararsiisuk (Ujarasuhsumitok), and lies some miles to the south of 
Kudlisot. This place is also called llitonhonk's coal-mine, because of a 
considerable scam of brown coal which occurs in the sandstone, and is some- 
times wrought by the colonists of lUtonbenk. 

The collection contains thirteen species from these two localities, viz. eleven 
from Kudlisot, and six from Ujararsusuk; four species arc common to both. 
Two of those may be described as the commonest trees of the district. One 
is a conifer (Sequoia Coailsue), the other a plane. The collection contains 
splendid specimens of the Sequoia ; and with one twig from TJjararsusuk we 
find the scales of the cone in good preservation, while among the delicate 
twigs from Kudlisot there is an entire cone. The twigs and cones are 
precisely similar to those which arc so common at Bovey Tracey in Devon- 
shire, and which have also been found in the Hempstead beds in the Isle of 
Wight. This remarkable tree, which I have described as Sequoia CouttsieVf 
and which is closely allied to Sequoia r/i (/a idea ( WelUngfonla giganteu, Liiidl.), 
extends accordingly from the south of England to North Greenland, and has 
ripened its fruit in the latter region. Not less remarkable is the plane, of 
which the collection contains very fine loaves ; it resembles the American 
plane, from which it is not easily distinguishable. 

Among the other plaxrts from this locality wo may name a fern (Aspi-^ 
cUum Meijeri), which is covered with fruit, a reed, tho amber-tree of 
Exiropo (Liqitidamhar Mtcropmmi, Braun), a Clirist-thorn (Paliurus Oohmhi)^ 
and a Dryandra (Z>. acutiloha), which was only known to occur in the Wotteraii 
and at Bilin, in Bohemia. 

The most remarkable discovery, without doubt, is that of two cones of 
Magnolia. In my ^ Elora Arctica ’ I have already identified the leaves of a 
Magnolia (M. Ingle^ekU), and have shown that in respect of their size and 
leathery texture they approach those of M. grand ijlora, L. Now we find 
these cones coming to light and confirming the identification of the leaves. 
In addition to a cone of the same size as that of M. grandiflom, there is a 
spray with a largo bud, very similar to those of Magnolia, At Kudlisot 
several fragments of leaves were colloctcd. 

Of thc^ thirteen species iVom Disco throe aro entirely now, and besides 
seven had not previously been recognized as Greenland species. 

Atandicrdluk lies on the op])osito side of tho Waigat, on tho peninsula of 
Noursoak, and in the same latitude as Kudlisot. This locality has already 
afibrded tho abundant eollcctions wliich luive been brought to Dublin and 
London, and to (Joj[)cuhagen and Sioekhohn, and which are described in my 
‘Elora Eossilis Arctica,,’ At this ])laco Hr, Whymper has collected a great 
number of plants, in fa,ct the greater portion of his collection. Tho majority 
of tho species contained in the slabs were already known, as might have boon 
expected. The Poplars and Sequoko (S, Lawfsdorffi, Brgn.) are very abun- 
dant, and the twigs and leaves at times cover tho entire surface of the stone. 
Wo can recognize the male and female flowers in addition to the cones. The 
M'Olintocldas, which are in tliemsclves so remarkable, and the leaves of 
oaks and Imzchuits aro not rtirc, and aro sometimes very well preserved. 

1 have hithcrl,o recognized sixty species ; but as many of tlxo slabs have 
not yet been worked out, it is probable that this number will be increased, 
Ono-fourih of those, i, e, fifteen spccios, aro now, or at least new to Green- 
land, and of these tho following deserve special notice 
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1. A Sassafras (Sassafras Fnretinnum), closely allied to the North- American 
species. This species I had obtained from Mount in France, and it also 
occurs at Scuegaglia. 

2. The fruit of a Ni/ifsa, like a specie.s from Bovoy and from Sal/.luuisen. 

:3. A very perfect leaf of a Snowball (Viburnum W/ii/iiiiirrl, Hr.). 

4. Leathery leavp.s of a iilaut which probably belongs to th<' Aralias (Araik 
Bnnoiiskimt ^ JJr.). 

f5. A new Hj)('cic.s of Carintf^ iiinl a new 

Important tliongh the tliscovory ol‘ lln^sc now .sptu'ii'H is ;us (‘Kiondlii,!*’ our 
kixowlo(l!>'c of tho Wiowno Flora, it is nut more so tlnni 11)0 atldiliuiml 
iulbrmaliou as to known Arotui forms which has hiioii {dfunlctl by this expe- 
dition, as tending’ to correct, or rather to coniirm tlicir identiiiealiuns. 

Among these wc should name a very beautilul Forn {1/rmitrllUi‘ii Toirihi)^^ 
which difiors widely from all those of the Unnperato zotu*; tlu^ ieai-jiari of 
a Salishandi which in its form appronchos very closely to the Japanese 
species; a perfect leaf of QuircAOi Ljffllii, Hr.; the lent oi a. \iu{‘ (I ifis 
arcilca, Hr.); several fragnnuits of leaves of nni-ire(\s, and of MatjnaUa 
and the fruit of which spt'cics 1 hav<^ already 

identified by means of the leaves. 

On the whole tho eollection contains sixty-seveii s])eeies, of Avhieh twenty- 
two are now to (froonlaud, and ai'C accordingly addiUoiiH ft) our ktiowledge 
of tho fossil flora of tho Arctic Zone. 

To those may ho added three specimeiiH of the fauna, iwt) Insects and a 
bivalve. One of tlux insects exhibits elytra in very gt)od pn'scwvation, ami 
btdongs to the Ouleopiei’a, the other to the ilemiph'ra. d'ht^ bivalve is a 
frcshw’dter species (C'//(Af.v), and contlrms tho view that tho deposit of Aia- 
uekordluk, which contains so many plants, is a freshwater furnialimu 


Report of a Committee^ consisting o/Mr* C. W. 

Mr. G*. P. BinniUi, Captain DohanAs Galton, PUtS*, Mi% F. 
G ALTON, F.E,S., Professor Hankink, P'JtS.f and Mr. W. Feoudi'J, 
appointed to report on the state of easting knowledge on the lita- 
bility. Propulsion^ and Sea-going Qualities of Ships^ un.d as to the 
application which it may be desirable to make to Her Majesti/s 
Government on these sidfecis. Pnpared for the VommUtee hy i). 
W. Meeuifieljd, P \ R , S . 

The subject referred to us is a very largo one, and having regard Ijoth to 
the space which a complete report on such a matter would inquire and to 
the time at our disposal for making it, wo have thought it best lay before 
the present Meeting a First lloport, iu which wo confine ourselves to the 
rmstance which skips offer fo propidnion, and to their behmour in mpert of 
rolling. Those are, iu their several directions, the preliminary subjects neces- 
sary to the inquiry committed to us ; and they are also tho parts of naval 
science on which exact experiment appears to bo most urgently needed, botii 
for the direct knowledge of these branches, and also as a foundation ibr ex- 
^liments on propulsion and the other applications which depend xipon them. 
Knowledge of the work to he done should precede tho selection of the tool 
with which it is to be porformted, 
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BESISTAIJCE. 

Total Resistance » 

Tlio question of resistance may bo treated in two ways, — cither in gross, 
as regarding the power required to drive a vessel of certain form and dimen- 
sions at a specified rale ; or in detail, as regarding tho exact V'ay in which 
the vessel and tho ])ropeller act and react tipon tho water which they disturb. 
Hitherto there has Ikhui hut little connexion established botweeu the pheno- 
mena of d(jtail and tho general result, tho former not being understood with 
any rcusonahlc dt'grco of certainty, and the latter also being far from settled 
with precision. 

The variable elements which go to make resistance what it is are chiedy 
velocity, form, condition of surface, and absolute dimension. Tho elfoct of 
form is as varied as tho number of forms which can be given to a floating 
body. As regards dimension, assuming tho forms to he geometrically tho 
same, it has been found that vessels of different absolute sisjc do not corre- 
spond in tho degree of resistance which they encounter, 'whether in smooth 
water or in waves. It will also bo scon that the absolute length of a ship, 
considered irrespectively of breadth or depth, has a direct influeiico on the 
resistanco. 

As regards velocity, it is nsnal to assume, in books on hydrodynamics, that 
the resistance of water varies as tho square of tho speed. For tho i^uiposos 
of naval architecture, this can only bo taken to bo roughly tnio under certain 
limiting conditions, beyond which the law of the squares deviates widely 
from tho observed facts. It appears to be probable that this increase, as tho 
square of the speed, is rather a minitnum than a general rule Of increase^ 
and that such a minimum is only attained by ships of good form, and of a 
length which is a certain function of the speed. The vague words good form 
arc used designedly, it being still uncertain what the best fotm may be, and 
what extent of deviation from it takes the vessel out of its operation. When 
tho vessel is shorter than a certain limit of length depending on the velocity, 
tho resistance seems to increase more rapidly than tho square, and tho power 
needed to drive tho ship consequently increases faster than the cube of tho 
velocity. 

It may save confusion to remark that tho measure of resistance is referred 
to a unit of distance, while poMr is refciTcd to a unit of time. For any law 
of resistance, therefore, tho power varies us tho product of tho resistance and 
speed, and where tho velocity varies wo have simply to use tho corresponding 
integral fornmla. 

As already remarked, the leading fonnuhe of tho resistance of water are 

KaY^HPallTaV^ 

the lai.ter being tho strictly jieccHsary conse<picnco of the former. There is 
but little disagreement among wrilm up to this point. But tho moment we 
attempt cither to assign values to the constants of tho equations which they 
imply, or to introduee tho corrections doi}cnding on the complex phonomcna, 
whicli always, more or loss, mask tho mere question of fluid resistance, wo 
find very little agreement. 

Tho chief olemonts of tho resistanco of water to a body moving through it 
are : — 

(1) The direct head-reshtaMe due tb the work of thrusting the water to 
the right and left, witli or without vertical motion, in order to make wajl 
for the body to passt 
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(2) The slcin-reshtance^ or friction of tho water on the surface of tho mo- • 
ving body, combined with tho effect of surface eddies and other minute phe- 
nomena. 

(3) Tho hmlc 2 oremtre, duo to the diminished pressure in rear of the moving 
body and in wake of any corners or unfairness of surface which may cause 
eddies. 

(4) In addition to these, there are tho plicnomcna of c{i])i]Iarity and of tins 
viscosity of water. Those arc of importance as regards minute bodies, 
including even small models ; but for large >shii)S they are siUIuhmtly ae- 
eounied for in the arbitrary constant of skin-rcsistanec. Tliis fourth h<‘ad 
may therefore bo neglected, except when avo wish to ]>ass from sliips to 
models, 

Por extreme shapes it does not appear that the tlircc leading elcmcniH of 
resistance can he grouped under one term ; bnt there is reason to ladiove 
that, for vessels of a certain form, they all involve, witli a .rcspceta))lo (h'grtaj 
of approximation, the square of tho velocity, and also lliat the forms for 
which this is true are among those which offer, CiHens parihiis, the least re- 
sistance. Under these ciroumstanccs, tho fonuuhe dcj)onfling on skin-revsis- 
tance may bo made to include tho other two by merely altering tho constants. 
We conjecture that, when authors state that certain elements of resistance 
may practically bo neglected, they usually mean that tlu^y can bo accounted 
for in assigning tho values to tho arbitrary coiiatants, which, in any ease, 
must ho determined from experiment. Wo luivo named vessels of a veriaui 
form ; this form must bo regarded as still unknown, except with reference 
to some limitations of a negative character, even ilicKcb(3ingi*at}ierindcilnito, 
They include a hue entrance, and a lino run, and an absolute length of not 
less than tho length of tho trochoidal wave moving with tho same velocity. 
The actual determination of tho form of least resistance is not only unsolved, 
but the data of the i>roblem are yet unknown. 

The first formulee that occur are tho welUmown coelficicnts of steam-ship 
pexformance— 

(Speed)** X (displacement)!! 

Indicated horse-power 


(Speed)** X a rea of midship section 
Indicate horse-pow’or * 

As affording a rough measure of comparison, tho tabtilation of these for- 
mulcD for different ships is extremely convenient. But they mv of wry littie 
assistance in settling a theory. Even for tho same vcwsol, tritjd under* u])pa- 
rently similar conditions, these coeflicionts do not appear to bo (lonstani 
quantities. Moreover, tho varying cliicicncy of tho steam-engine and o{‘ Uie 
propeller, considered as machines for tho transmission of power, jirt^ inse- 
parably grouped with tho work of overcoming resistance, Wlimi the 
sumption of coal is substituted for tho I.H.P., the cfiicirmcy of the furnai*e 
and boiler also comes in. Some of these remarks apply to Mr. Ilawksley's 
approximate formula, — 


Telocity in statute miles =27 


'effective horao-p owerV!^ 
^wotted surface' in"*n 7 ^ 


but this w'as only intended for rough purposes. 

We may hero mention a formula given by Mr. Greene, in a paper read at 
the Franklin Institute of New York, and reprinted in tho ^ Mechanics’ Maga- 
zine ^ for 8th July, 1864, It proceeds on the assumption that the power 
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expended in overcoming back pressure and friction in the engine varies 
directly as the speed — 

II.r.=irs V(*1552 + *00*iG$4C) V“), 

the constants being obijiiucd empirically. 

Most modern formula) for resistance take account of the form of the vessel, 
in such a manner as to ro(piire the use of the drawings of the exterior sur- 
face of tlic ship. Tlie Swede, Chapman, in his well-known treatise on shi]!- 
building, assumes that the surface of the vessel may bo divided into small 
portions, the resistance of each of which will be proportional to the projection 
of its area, to the sine squared of the inclination, and to the square of the 
velocity; with a certain small correction on account of the currents which 
arc set up by the ship’s own motion, and which modify the pressures. But 
ho himself saw reason from subsequent experiments to doubt whether the 
law of the sine squared, or even that of the velocity squared, was applicable 
to the forms which he used. 

Euler and most of the older writers use the sine squared of the incli- 
nation as the factor representing the cflect of obliquity ; and this theory has 
been revived by Mr. Hawkslcy in a discussion at the Institution of Civil En- 
gineers, reported in their ^ Proceedings ’ for 1 85 G, vol. xvi. p. 356. But we 
think that there is now ample experimental ground for believing that, whether 
or not this law be true with respect to aiiiiilimtcsimal portion of a plane re- 
ceiving the impact of a thin jot of water, it is not true either of jdane sur- 
faces of considorablo extent, or, as a differential formula, of curved surfaces. 
It evidently fails to take account of the effect of the stream which is set up along 
the surface in deflecting the impact of water on the pari of the surface further 
back from the entrance. The assumption that this has no effect is not one 
which can be admitted without proof ; and the experimental evidence tends 
the other way. Chapman’s later experiments, the experiments of the Ereiich 
Academy, and those of Col. Bcaufoyf arc all against the hypothesis of tho 
sine squared of the inclination. The supposition that tho sine s(piared of tho 
inclination represents the effect of the obliquity of tho aftoi-body is still 
more open to doubt than when it is applied to the forcbody. 

As a contribution to the history of tho subject, the following translation 
from a tract of M. Dupuy de Lome will be interesting : — 

llommo, in his Memoir for the Academy of Sciences, in 1 784, while 
giving an account of tho experiments made hy him at llochefort on models 
of ships, one of which represented a 74, and, again, in his work on the ‘ Art 
de la Marino,’ had very succinctly laid down that; this resistance was inde- 
pendent of form. ^Brovided,’ ho wont on to say, Hho water-lines have a 
regular, fair curvature, as is the case in modern vessels, tho greater or less 
fullness of tho bow or stern neither increases nor diminishes tho resistance 
of the water to their progress.’ 

In direct contradiction to this too summary rule, which has long ob- 
structed the progress of naval architecture, my experience leads to five prin- 
ciples, which I state as follows 

Among vessels of similar geometrical form, of different size, but all 
having their immersed surface exceedingly smooth, and driven at tho same 

* Soo liis ‘Scientia Navalis’ (St. Petesburgh, 1719), vol. i. p. 213. See also D’Alem- 
bert, ‘Praik^ de TEquilibre et dii Mouvement des Fluidos,’ eel. of 1770, p. 22G. 

t Seo Chapman (by Inman), p. 257 ; Boasut, * Ilydrodynamique,’ vol. ii p.396; Beau- 
foy, p. kxxvii. See also Scott EusselFs ‘ Naval Architooluro,^ p. 1G8 ; or Pi’oeoedings of 
Civil Engineers, vol, xxiii. p. 346, as to tho French experiments. 
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speed, the pressure needed to attain tliis speed increases more slowly than 
the surface of the greatest transverse section. It is near the i ruth to say 
that, for similar forms, the rcsisianco per square metre of midshij) section, at 
the same speed, decreases as the vessel iiicroases, in the ratio of the stpinro 
roots of the radii of curvature of its linos, these radii ]>eing theinsfdves pro- 
portional to the linear dimt^nsions of the ships ; it is therelori^ wrong to 
compavo (lie resistance of ditferent ships by lucuiiis of expiuimcnts nifido on 
models to 3 *oduced scales 

^^ 2 ^. If the same vessel he driven at dificrent speeds, tlie forc(i needed to 
obtain these velocities increases loss rapidly than the square of the specsl, 
while that is small. The force increases as the stpiaro for ordinary ratc*s of 
3 to 5 metres per second, aecording to the condition of the surfaet^ in j*<'s]KH‘t 
of smoothness. Beyond that speed it increases faster than the square f. 

‘‘ 3®. The diminution of the angle of entrance, and the lengthening of the 
radius of curvature of the lines wdiieh the wahu' has to follow, especially in 
the replacement in wake of tluj stern hy the water coining up from hdow, aro 
the principal means of diminishing the resistance. This has the greater in- 
fluence the greater the driving-power. For very slow motion, the influence 
of form is loss than that of surface friction. 

4°. The sharpness of the how, both above and hedow the water-line, 
which has in calm water the cficct just mentioned, 1ms more marked advan- 
tages in a heavy sea-way. 

5°. The smoothness of the wetted surface ]>lays a considerahle part in 
the rcsisbuieo ; and this pari, due to friction, varies ])ut liii.le with the speed, 
I add that the resistance of the htdl iiKtrcasos markedly in narrow chan- 
nels, and still more where the depth of water docs not much exceed tho 
draught of the ship ; so that experiments ought to ho made in deep water. 

Finally, my miinorous observations on the rcsistauco of ships, in calm 
weather and open sea, agree, with a close approach to cxactmvss, with tho 
following formula, which I have since adopted as tho measure of the resis- 
tance : — 

ll=IiS(V'-*H-0‘145V»)-hK'S' WV. 

In this formula, I call — 

8, tho area of midship section in square inches. 

8^ tho product of tho mean girth (wetted), into the oxtromo length, 
also in square metres. 

T, the speed in metTos per second. 

K, a coofficiont varying with the form, diminishing inversely as the 
square root of tho radii of tho curvature of the longitudinal seefions, and 
also diminishing with tho moan angle of entrance. This second nsluc- 
tion amounts to about 15 per cent., as the mean angle of (mtramse e.omcH 
down from 45° to 15°. It is therefore about per cent, for eadt desgree 
hotween those limits. 

a coefficient independent of the form, and varying only with the 
smoothness of the wot skin. This coefficient may increase in the ratio 
of 1 to 10, from 0-3 for bottoms very smoothly covered with good eojijicr, 

* K. HcSecb, Director of tho Eeol© cVApplication du G6uo Maritimo, has long BhurO 
pointed out in his lectures the error frequently made of comparing tho resistance of vcbhoIs 
of various forms by means of experiments upon models driven at tho speed proper to tho 
vessels themselves. — J^ote hy the French author. 

t I am bore speaking of vessels only partially immersed, not of vessols Mhlcli m en- 
tirely xmder water.— Aoz'c hy the French author. 
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and tlio lieads of the nails well heaten down, to 3*0 for hulls covered 
with weed and barnacles. 

E is the resistance expressed in kilogrammes, and corresponding to 
the speed V, 

'^For each ship experimented upon, -two trials are sufficient to determine 
K and K\ 

For the ^ jSTapoleon,’ while clean, the copper being oxidized, not greased, 

I found 

Tv=l*90, K^=0-44, 

from which I obtain for the general expression for the resistance to the 
passage of the ship through the water, 

E=l-96S(YH0-145Y=’)+0-440S^^y. 

A Table previously given shows that during the trial trip of the ‘ Napoleon ’ 
the values of S and wore — 

S between 90 and 100 square metres. 

8^ between 1580 and 1610 square metres. 

The power needed to obtain this speed is obtained from this calculation 
by multiplying the resistance, so calculated, by the velocity.” 

The above remarks are translated from a memoir published by M. Fupuy 
do Lome on the occasion of his candidature for the French Academy in 
1865-66. It is reprinted in M. Flachat’s ^ Navigation h Yapeur Trans- 
ocoanienno,’ vol. i. p. 206. 

It may not be out of place to mention, in explanation of M. Bupuy de 
lidme’s remarks about the angle of entrance, that the architects of the Im- 
perial Navy avoid the use of the hollow bow. There is at most a slight 
concavity at the fore-foot. Hence the angle of entrance has a meaning 
which is sometimes lost in modern English practice. 

M. Bourgois, in his memoir on the resistance of water, gives formulae 
which may bo grouped under the general form of 

B® being tbo area of midship section, 8 the wot surface, and I the breadth 
extreme. K^, and are constants which vary with different classes of 
vessels. 

The dependence of the resistance of ships upon the theory of waves ap- 
pears to have boon first insisted upon ])y Mr. Scott EnsselL That gentle- 
man seems to have been the first to discover that there was a relation 
between the length of the ship and tlic velocity of advantageous propulsion, 
this relation being taken directly from tho theories of the solitary and of 
the irochoidal waves. Wo will state his theory of resistance in as few words 
as possible. 

Scott EusseIVs Theory of the Form of Least lleshtance. 

A vessel may ho divided longitudinally into three portions, bow, straight 
middlchody (if any), and afterbody. The midship section may he of any 
shape whatever, tho resistance due to it depending on its area and wet 

* Publislied at Paris, by Arthur Bertrand, s.a. Sots also Sonnet, * Dictionnairo des 

Math<Smaiiques Appliqu^es,’ art, ** E4sistance des Fluides/’ 
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girth only. The forebody must have for its level sections curves of sines 
(harmonic curves) whoso equation may be written as 

,r = ^, .]/>(! 4- cos 0), 

TT 

h being the half Ijrcadiii of tlic ship at any hn^el, find / the lengtli ot i,h(^^ 
forcbody, whieJi niusi. not be less than the haigth of ih<‘ solilaiy wav<%’ 
wliicli has the same s])ecdas the sliip is intoiuhal to have, in onhu' iliai tin' 
rcsistfince may bo the least possible. The fiftcrbody is to have i-nx'hoids 
for its level lines, their eipiation being 

-f sin 0, ?/=|/»(l4*cos f)), 

TT 

V being the length of the afterbody, which is not to bo loss than Unit of one 
half of the oscillating or troohoidal wave of the same speed as the ship, ''riu* 
straight iniddlobody may bo of any length whatever, as ii. will only filleet the 
resistance by increasing the surface for friction ; or, subject to these condi- 
tions, the resistance of the ship will bo expressed by 


(Iv©4-K’S)Y% 

where © represents the area of midship section, and 8 the wetted surface. 
K and are coefficients, the former of which may bo roughly st.fd.od at -^,-‘,1 
of that due to a flfit phiic drawn flatwise through llio water, find tin', laltt'r 
depending 1123011 the condition of the surface. I'or a pure wedge bow, ishose 

angle is e, Mr. Scott Itiissell considers that the resistance Vfiries as 

€ lying between the limits of 1 2*^ and 1 -1-4° ; and wlicr<‘ ilu' bow is eompoundt'd 
of this and of the wave form, ho gives, as fi rough mcasiiro of ih<‘ revsisianet', 
a formula obtained by compounding this, in such ])roporlion as may ])vop(‘rly 
represent the geometrical combination of form, with the resistance duo to the 
wave form. 

As far as can be judged by Mr, Scott Kusseirs published ivritings, lliert^ 
ap2>oars to be some unsettled ground in his theory relatively to tlu^ shape of 
the afterbody. Tho form of the bow is simply that of one-half the profile 
of a solitary wave of translation, laid hori^^ontally instead of vorticuUy. Th(5 
form of tho stern is also taken from the form of the wave, which is set u]) 
when a hollow in the surface of water has to be filled U]) ; but it is nowhere 
niado clear whether this form ought to bo given to the level seciions, or in 
the vortical longitudinal sections, or whether some cempromisi^ slionld b(‘ madt^ 
between tho two ; and it seems iirobable that the autlior himsidf was doubt- 
ful oil tho subject, Tho cx23erimcnts rccenily made under the dirc'Ciion ol* fhe 
CWmittee of the British Association appointed to make ex})(U’imciils on fJie 
difference between tho resistance of water to flouting and immcvrstul bcxlicM 
(Report for 186G, p. 148) seem to indicate that that doubt is still nns(‘itJe(L 

Without hasiarding an opinion as to whether this form is really that of 
least resistance, it appears certain that the curves used arc among iltose 
along which fluid . particles can glide smoothly, without causing supernume- 
rary diverging waves in tho liquid. 

The general formula for the length of a ship given by this theory is : — 



9 _ 

Porebody in feet=^ Y^in feet per second; 
Afterbody ss^Y* in feet per second* 
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The follo\Ying arc the values of the factor and its logarithm, which give 
the length of the forebody in feet, when the velocity is given in — 

Poet, per second 0*19518 log = 9*29045. 

Knots, per hour 0*5501 log == 9*74515. 

Statute miles, per hour . . 0*41985 log = 9*02310. 

Professor Eanldne states, as the result of his own observation, that it is 
possible to shorten the bow to two-thirds of the length given by this formula, 
without materially increasing the resistance, but that it is very disadvanta- 
geous to shorten the afterbody. 

In the ^ Proeccdijigs of the Institution of Civil Engineers,’ vol. xxiii. (for 
1864), p. 321, is a paper by Mr. G. H. Phipps, on the Ecsistance of Bodies 
passing through the Water.” Mr. Phipps considers that the total resistance 
may bo subdivided as follows, into additive parts : — 

Head-resistance — varying directly as the midship section, and inversely 
as the square of the jirojcction ratio of the bow. 

Stern-resistance — a similar function for the stern. 

Eriction-resistance — varying directly as the surface immersed. 
Additional lioad-rcsistance — an em^hrical correction assumed to be a 
function of the draught of water. 

The sum of these resistances is then multiplied by the square of the velo- 
city. 

The paper was followed by a discussion in which most of the leading 
English writers on fluid resistance took part. The paper and discussion 
thus constitute a very fair resume of the opinions then held on the subject in 
this country. 

Mr. Phipps considers that the coeffi-ciont of friction of water on the outer 
surface of a vessel is less than on the inner surface of a pipe ; and this is, to 
a certain extent, in accordance with the experiments of Darcy on the friction 
of water in pipes, which led to the conclusion that the cocfliciont of friction 
consists of two terms — one constant, and the other varying inversely as the 
diameter of the pipe. 

Mr. John I. Thorn jeroft, C.E., in a paper read before the Institution of 
Haval Architects this year, and which will appear in their forthcoming volume 
of ^ Transactions,’ gives the following formula, the form of which is derived 
from experiments on the flow of water in pipes : — 

I.H. r-w. } , 

where S = the welted surface, Y c= the velocity in knots, I = the length, 

//-, /, w, 0 are constants empirically detenninocl : 

log 7i.=3*05450, 
log/ =2*101 70, 
log 0=2*20041, 

^ ^^=380, 

(sin 0)2*5 ds, 

ds representing an elementary portion of the surface, S, and 0 the angle 
which this portion of the surface makes with the line of motion. It will be 
noticed that the formula involves a largo number of constants, more or less 
arbitrarily 'determined. 

Professor Eankine, in a paper in the * Transactions of the Institution of 

1869. 0 



18 


K1SP0ET — 18G9. 


Naval Architects’ for 1861- (Uio suhsianco of is repeated in a i realise 

on ‘Shipbuilding,^; Theoretical and ITad-iear), stales ihai tlie proctwes 
amongst the particles of water through which r(‘sistauec to the shii)\s motion 
may bo caused iiidirecHy may be thus enuincnited 

1. The disforlion (jf the piirlie](‘s of wni(‘i\ 

2. The jn'oduetiou ofeurreiils. 

Tlu'. production of wav(‘s. 

d. Tile [>r{Hlm‘tion of rriclioiud eddies. 

Tlie first cause he n^gurds as having no apprc{;iai)h^ effect on nefiial ships, 
although possibly sensilile in snuill models. Of the seeoiid ('unse (tin* pro- 
duction of currents), TrofiNssor Itaukim^ reinarhs lliai it. “ mnau' Jicts u])oii a 
well-designed ship ; for such a ship is so formed lhai the partiides of naicr 
glide over her surface throughout its v\hole length, and are left behind h<‘r 
with no more motion than sneh as is una,voi<lahIy imprt^ssed upon them 
through adhesion and stiffness; and hence the faihm^ of tlie earlier tluaah'S 
of the resistance of ships, which w<n'e founded on experiuumts iuad(‘ with 
flat plates, wedges, and blocks of unfair shapes.” 

Mr. llnnkine then give.s a detailed account of t.lu) waves which accompany 
a vessel driven at a speed grealcu* than the limit to which she is ])r(>pm'ly 
adapted, showing that they divergt^ from the cuursi^ of the vessd at an angle 
depending on the pro])ortiou in which their spetnl of advajice is 1(‘sm tliiin her 
speed, and thus carry off energy, which is lost; and lus ]m)e(‘(Mls to static; 
‘‘The conclusion to he drawn from these pvinci])h'S is, that for (‘nth vessel 
there is a certain limit of spcicd, below which the resist alien dun t o the jiro- 
ductiou of waves is inseiisibh^; and Hint as soon as that, limit is (exceeded, 
that resistance begins to a,ct., and increases at a vi'iy rajnd rale with the e.x- 

cess of speed Through the discoveries of Mr. Hiiott llussell, a, vessel cun 

bo designed in which this kind of resistance shall he insensihh^ up to a givt*n 
limit of speed; and therefore the resist aneo duo to wavt‘H has no sensible 
action on a well-formed ship.” These remarks of course up]dy only to 
waves formed hy the ship, and not to sea- waves which she nifty have to 
encounter, 

“ The resistance duo to frictional eddies thus remains alone to ho eonsidtnxHl. 
That resistance is a combination of the direct and indirect (^fleets of tho ad- 
hesion botwoen the skin of the ship find the jiarticles of water wliifdi glide 
over it ; which adhesion, togeilier with tlu^ stillhi^ss of tlu^ Wfitt'r, otuifisions 
tho production of a vast numher of snuiIl whirls or eddies in lln' layer of 
water immediately adjoining the ship’s surfaec'.” liishaid of assuming lliat 
the frictional resistance is siinidy ])roportinna! to flu* actual imimu’scd surface, 
Mr. llankine uses w'hat ho calls tlie uftj/iin'Hfnl .sHrfdrr, which is ohtfiiiu'd by 
multiplying each inlinilesimfil eh'mimt of the Hiuface hy ila* cuhi‘ of Ihc ratio 
which tho velocity of gliding of the water over that- ])orlion luairs iti the specai 
of the shi]), and summing them. T.oi bo thi» acduul snrfara^, ami q ibt^ vehc- 
city-ratio of gliding ; then the augmented surface is /</*'* </,s* ; ami ii‘, furthm*^ 
Ybe tho speed, g gravity, w tho heaviness of water, and / ihc coidlicimit of 
faction, then 

Eddy-rosistancc = tU, 

* w 

Taldng the cubic foot as tho ULnit, ^ docs not differ much from unity for 
sea-water, and the formula thus reduces to ds. 

It is, of course, impossible to ealculatc J'q^ ds in detail for cvci^^ ship ; and 
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it therefore becomes necessary to hod some auxiliary formula. In the 
‘ Philosophical Transactions ’ for 1863, pp 134-37, Mr. Eankine has sho-wn that 
the augmented surface of a trochoidal ribbon on a given base and of given 
breadth may be found by multiplying their product by the following coeffi- 
cient of augmentation ; — 

1 4 - 4 (sin (ff + (sin (f)\ 

in which (j> is the angle which the inflexional tangent makes with the base. 
For a ship in which the stream-lines or tracks of the particles of water are 
trochoids, it would bo a sufficient approximation to integrate, 

length X i breadth x { 1 + 4 (sin (pf + (sin py} 

with regard to the draught of water, considering both the angle (p and the 
half-breadths as variable elements to be determined from the drawings. 
"Where the stream-lines are not trochoids, (p may be taken as the angle of 
greatest obliquity. But the theory has been only partially extended to three 
dimensions ; and indeed if it wore possible to do so, the mere introduction 
of a third variable would not meet the case, unless account were taken of 
the vertical displacement of the surface of the water consequent upon the 
uniformity of pressure at that surface. 

The resistance determined by the calculation of the augmented surface 
includes in one quantity both the direct adhesive action of the water on the 
ship’s skin, and the indirect action through increase of the pressure at the 
bow and diminution of the pressure at the stern. 

For the coefficient of friction, Professor Ranldne takes /= 0*0036 for sur- 
faces of clean p^ainted iron. This is the constant part of the expression 
deduced by Professor Weisbach from experiments on the flow of water in pipes. 
The corresponding coefficient deduced from Darcy’s experiments is 0*004. 

The augmented surface in square feet, multiplied by the cube of the speed 
in knots, and divided by the I. H. P., gives Banldne^s coefficknt of propulsion^ . 
In good clean iron vessels this ranges about 20,000 ; while in H.M. Yacht 
^Yictoria and Albert’ (copper sheathed) it reached 21,800. Its falling 
much below 20,000 is considered to indicate that there is some fault cither 
in the sliip or in her engines or propeller, or else that the vessel is driven 
at a speed for Avhich she is not adapted. 

Professor Eankine adds that as for misshapen and iU-proportioned ves- 
sels, there docs not exist any theory capable of giving their resistance by 
previous computation.” 

This, again, raises the question, What are good forms ? According to Pro- 
fessor Eanldnc’s theory, tlu^y arc forms along which a particle of water can 
glide smoothly. Among these, as a particular case, Mr. Scott IlusscH’s wave- 
lines appear to bo included. But these are by no moans tlie only ones which 
satisfy the problem of smooth gliding, or of stream-lines. Another method 
of constructing curves fulfilling this condition has been given by Mr. Eankine 
in a scries of papers published respectively in the ‘ Philosophical Transac- 
tions ’ for 1863, p. 369, and in the ^Philosophical Magazine’ for October 
1864, and January 1865. Elementary descriptions of this method are given 
in the ^Engineer’ of the 16th of October 1868, and in a treatise on ‘ Ship- 
building ; Theoretical and Practical.’ Their theory has not yet been carried 
very far; and when we have reference to three dimensions, it does not appear 

* For examples of that coefficient, see the ‘Civil Engineer and Architects’ Journal’ for 
October 1860, and the “ Report of the Gomnaittee of the British Association on Steamship 
Performances,” 1868. 

c2 
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that any specific mailicinatica.l fonn is to ho profcrred m ivspoci of its total 
resistance to a long;, fine, fiiir ship, cither drawn or modelled by eyt‘ by a. 
practised dranghtsinau or inodelhn'. 

A possible connexion betwec'n the resistaneo oi ships and their d«^^]>ths oi 
immersion luis heen j)ointedout l)yJ\Ir. Ilankino in some pajan’s puhlisinMl in 
the ‘ Proceedings of Uni RoyaJ Society’ ibr p. IM-I, in the ' lleporls ol^ 

the Ih'itish AssociaJion ’ for IStiS, in the ‘ Transaetions ot th(‘ Institution ot 
Naval Arelnteei s’ for JSttH, and in the ‘Knginetw’ of tin'. 2Sth August and 
60th October, ISOS. Jle shows Iroiu tlusny, corroborated by bis own olisfU’- 
vatioiis, and by those ot Mv, John Jnglis, junior, J,lial every ship is [leeompa,- 
niod hy waves, whose velocity of advance is <f heing gravity, and /e 

the mean depth of unmersloity found hy dividing tlio (lis])lac(‘nu‘nt by tlie area, 
of water- section. So long as the speed does not. (‘xcocsl ^/ tj h\ tUe.s{‘ waves 
cannot produce anj’* additional rcsisitinc(‘ ; ])ut wIh'u the spe(‘d exceeds 
that limit, the waves arc made to div(Tgo from the slii]) at lh(‘ angb‘ \\hoso 

cosine is and thus to carry away energy, like llu^ other diverging 

speed 

waves previously niontioned. 

The ibrni of the midship section does not app(‘nr to cxend.se any inflmnuio 
on the resistance- to ju'opiilsiou in still water, (‘xe.ej)t so far as it, atieets tlui 
extent of wetted surface exposed to the n(‘,lion of i,lu‘ water. If this wot 
girth and the breadth a,t llio water-line 1)(‘. giwm, the form of greaii'st area 
will he a, segineni. of a, eircio; but this will not be lln‘, solution ol' the ques- 
tion which usually presoiits itself, uatmiy, given the breadth and ilu^ draught 
recjuired, ilie form for which th(^ ratio of ar<‘a to surfaca^ shall be tin*, greatest 
possible. In the particular ease in whhdi the draught is half flu* breaflth, it 
is easily seen that the ratio of area to girth is the sanu) j'or a s(*inieireti1ar as 
for a rectangular section, and therefore that the solution lic‘s b(*iween thes(! 
extreme cases. It does not appear that tho general problem ha,H yet btHUi 
solved, and perhaps, as tho really practical problem reiat,es to tho ship and 
not to the midship section, it is of secondary' inicrcst. A rcHirieied solniiou 
has been given by Mr. James Eohert Napier in a paper road hofim^ tlui (Uas- 
gow Philosophicd Bocicty, and reprinted in the ‘Moohanles* Magimms’ for 
24th April, 1866, vol. ix. p. 311, and in the ‘Engineer ’ for 1st May, 1866, 
vol. XV, p, 245. 

The best ratio for good pro])iilsion of length to l)r(»Mdth a,nd drauglit, evtm 
when it is assumed that tho hmgih exr<aMls Scott Uus.sdrs limit, is md yet 
known. This is not perhaps of practical iiuporiauce, iuasiuu(‘-h us e.onsidfu’u,- 
tions of economy, ca])a(ity, and handiu(*ss gtoierally siilh^ i,lie.s(» pnqMM'liofj.s, 
without much reforeneo to a theoretical inaximiitti oi’ ('iUeiiud- propulsimu 
But the extent io which an increase of l)readlh or {l<sj*»th, leaving ot'her thing.s 
unaliorod, afi’ccts the propulsion itself ca.u hardly be regarded us within our 
settled knowledge. 

The resistance of the air to a ship’s Indl is not a point to be negb'cted in 
practice or in oxpoiimentj but it is not one which wo propose to discuss 
here. 

Tho above contains an abstract of nearly all that i.s known concerning i/lus 
TOTix IRESISMCB o£ a sMp in smooth and deep water. W (3 do not cmisi(h 3 r 
it necessary in this Eeport to enter into the question of tlio increased resist- 
ances due to shallow water, narrow channels, or a rough sou, We may sum 
^np the result in the broad statement that there exists no generally recognized 
theory or rule for calculating tho resistance of a ship. Many such rules 
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have been put fortli ; but tbcy do not agree in their form or in their result, 
and the credit of each consequently rests, as a practical matter, on the repu- 
tation of its author. 


JReslstance considered in Detail. 

It cannot bo said that our knowledge of the detailed phenomena which 
accompany the motion of a floating body through the water extends far 
below the surface of the liquid. Meanwhile the following things appear to 
be known. 

Eor any vessel driven through the water by any power which docs not re- 
act on the fluid there must be a certain movement of the suiToimding liquid, 
chiefly in the direction of the vossers motion, which shall be sutfleient to 
absorb the work done by the propelling force ; for this is really nothing else 
than the work done by the power in overcoming the resistance. Much of 
this is masked by oscillatory movement. Now the setting up of an oscillation 
involves an expenditure of work; but the maintenance of the oscillation, 
once established, is independent of the force wdiieh caused it, to just the 
same extent that it takes work to set a pendulum swinging, but once set 
going, the continuance docs not dci)end on the starting force. It follows 
that making a wave takes up propelling w^ork ; but that a wave once started 
maintains itself, or dies out, as the case may be, independently of the pro- 
peller, which it can only affect by getting in its way. 

In a vessel of good form thrust through a fluid, wo first meet with a head- 
pressure which relieves itself by the formation of a head swell, which dis- 
perses itself all round if time bo allow'-ed for it, either by the sharpness of 
the vossers entrance, or by a slow rate of advance. This fixes a limit of 
speed, which cannot bo advantageously exceeded, dependent on the length of 
entrance as well as on its form, — on tlxe length alone if the form fulfil cer- 
tain conditions. If the vessel bo pushed beyond the speed of dispersion of 
this wave, it has to he pushed up hiU at a loss of useful work. 

The frictional resistance of the surface of the ship also carries a stream of 
water in the direction of the ship’s motion. In fact, nearly tho whole work 
of friction is expended on producing this stream, which forms a part of the 
ship’s wmke. 

The necosssity of filling up the vacuum wdxich would otherwise be left in 
rear of the ship also ])roduces a following stream, accompanied with weaves. 

In vessels driven at a spewed beyond what is suited to their form aud dimen- 
sions, tliero arc also su]icrnumcrary weaves, an account of which will be found 
in Professor llankine’s writings already roforred to. 

In vessels of unfair form there will further be violent eddies or whirlpools, 
as well as extra weaves. Seeing that it takes an ex])eruliture of work to make 
these, it is clear that least resistance means least disturbance. In reality 
very little is known about these eddies. Their surfaco-aciion has been 
observed, and may easily be seen in dirty w^ater, with froth especially ; but 
their extent in depth, and their amplitude as the depth increases, are utterly 
unknown ; and the other phenomena arc not sufficiently well understood to 
admit of the effect of these being got at by exhaustion, that is to say, by 
being equated to tho unexplained residue from tho effects of the other known 
causes. Very little, again, is known about the direction in which the replace- 
ment aft takes place. The water may of course pour in cither laterally or 
from behind, or it may well up from underneath as a wave. More or loss, 
it probably does all three, and tho proportion in which it does each is among 
the things which neither experiment nor theory has as yet revealed. 
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Theoretically it is of no importance whether we consider the ship in mo- 
tion and the water at rest, or tlm ship at r<‘si and the waiter in motion i!i an 
opposite direction, rracticaily the eonditioiiH arc modified hy tlie. eonstder- 
ation that a stream of water almost always has a. slojani*’ surface, in wliieli 
case a resolved part of ftravity is one of tln^ ae.f.ivi* forees *. Htsides llus, 
streams usidal lor exiKM'iment are restrii-ied in dipth and width, and the 
conditions of narrow and shallow channels introduce toreip;n ('onsiderations 
of a very com^dicated cliarae.hn*. 

PropuJsitni, 

Wo do not consider it advisahh? in the ]ires(*n( Report h) enter into tluj 
question of propellers, except so far as may be m‘ia‘ssajy to th(‘ ('!ioie,e of ex- 
periments. 

All propellers, except sails, tow-ro])es, and pnni-])oh*s, do their work hy 
the reaction arising Ironi their driving a str<*mn of watei* in tin' opposite 
direction to iho ship's motion, (w to their stopjiing or revin'sing streams already 
flowing in that direction. Tins is the case with oars, paddh'-wlnads, screws, 
and water-jets alike. But while iluy thus havt' one ]n’incipal aetion in {»ont- 
mon, they arc wdiolly difleront in their detaihal effect ujioti tlu' eairnods ami 
waves wdiich accompany the ship, and in tlu^ way in which tlu'so lairnmis 
and waves react upon them. Thus iho oars of a, inw-hoat send t wo st reams 
aft, at such a distance from the sides of the boat as h) int<‘rrer(‘ very little 
with, and to ho very htilo interfered wdtli hy, tlie waves nnd isldies due to 
the boat's motion. In the Hcrew-pro]Kdl(*r, on iln^ oilu'r luind, a large pro- 
portion of tlio wake current is cdthor Rtop])e(l or rcversisl )»y the aid ion of the 
scrow^ which also inierfen^s with, and is it itsedf nsicied upon by, the wave 
of roplacomcut. These interferences arc so large in amount as not> unlVo- 
queiitly to mask the whole of the slip, from the roacliou of wliieb the pro- 
pulsion is obtained, giving rise to the phenomenon of appnt'CHt atyafltu; slip, 
Tor a theoretical account of what is supposed to lake ])laee tind(‘r* tliesc* cir- 
cumstances, wo refer to the following Tupors in the ' Transactions of the 1 n- 
stitution of Naval Architects/ and iho diseussxonH which took jdaco upon 
them ; — 

Kankino, “ On the Mechanical Principles of the Action of Fropidlers/’ 

Pronde, “ Note on the above Paper/’ voL vi. for ISUr), p, VA et .svv/. 

Heed, On Cases of Apparent Negative ISlip,” vol. vii. for i8d(), ]). 1 I d 
et seq. 

Eankino, “ On Apparent Negative Blip.” 

Provide, On the same. 

Bigg, “On the Bolatious of tho Berow to its Beverso Curnmts/’ vcd. viii, 
for ] 867, p. 68 et seq. 

Bigg, “ On tho Bovorso Currents and Blip of Bcrow-propclIerH,'’ vol. ix. for 
1868, p. 184. 

See also Bourne, ^Oii iho Scrcw-propcllcr/ second edition, cliap. iii., and 
Bankme, ‘Shipbuilding: Theoretical and PracticaU PP. BS, 89, 2d 7, and 

269, XX . ^ 

We consider it to be beyond doubt that tho theoretical inv(‘st.igaiionH of 
this part of the subject have been extended in advance of tho point at whielx 
fresh experimental foundations ought to be laid for them. 

* This remark is due to Bourgois. See his Memoir, siqh cut. p. 
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Former Experiments on Resistance. 

Tho first important experiments wore those made by Bossnt, Condorcot, 
and D’Alcmboit, by direction of Turgot. Tho results wore published as a 
separate work in 1777, and a very full abstract of them is given by Bossut 
ill his ‘ ITjdrodyiiamiciuc.’ The chief results arc summarized by Bossnt as 
follows : — ■ 

Tliat the resistance of the same body at different speeds^ whatever be 
its sluxpe, varies very nearly as the square of the speed. 

That tho direct h(*ad-resistaiiec of a plane surface is sensibly propor- 
tional, at the same speed, to tho area of the surface. 

Tliat tho measure of the direct resistance of a plane surface is the 
weight of a fluid column which has that surface for its base, and whose 
height is that duo to the velocity. 

Tliat the resistance to obli(|uo motion, other things being alike, does 
not diminish by a law at all approaching that of the squares of tho sines 
of angles of incidence ; so that for sharp entrances, at least, the former 
theory must ho completely abandoned. 

Mr. Scott Bussell has remarked that between certain limits tho observed 
resistances of wedgo-bows conld be represented with a close degree of ap- 
proximation by a formula of the form 


B=K 



where K is a constant, t stands for 180°, and e is the angle of the wedge, 
which is supposed to be of not less than 12°, and not more than 144°. Bee 
his ^ bTaval Architocture,’ p. 168, and ‘ IVansactions of Civil Engineers,^ vol. 
xxiii. p. 346. 

The next experiments of importance are those of Do Chapman, published 
in his * Arehitectura bTavalis Mercatoria.’ Tho result of those has already 
been mentioned. He performed some fresh experiments at Carlscrona, in 
1795, which seemed to load to somewhat different conclusions. See Ininau^s 
translation of Do Cliapman, pp. 41 and 257. 

Wo then come to Beaufoy’s experiments in tho Greenland Dock from 
1794-OS. This ononnous scries of experiments can only ho regarded as 
osiahlislii ng very few facts, among which we may mention : — 

That the rcsisiancc to oldi(pio surfaces docs not vary as the sine 
S(jun,red of tho angl<3 of incidcuce. 

Thai for unfair hodii^s, such as ho exporiinentod upon, the resistance 
increases faster Uian tlu^ s{piaro of the velocity. 

Thai inoreaso of length, within certain liiaits, has a tendency to de- 
crease resiHiancan 

That fririion of the wetted surfaijc enters largely into tho i-osistanco. 

Tlitit friction of t-h<^ wtdicHl surface appeared to increase in a ratio 
somewhat loss than that of tho velocity sijuared, — between and 

Ho also arrives at tlie conclusion that bodies immersed to a depth of 
6 feet experience less resistance than at tho surface ; but in the ease of an 
iron plane towed flatwise, ho found that resistance increased with tho 
depression. 

The whole of these experiments lose much of their value from having 
been tried on small models, and on bodies which are not ship-shape. 

The ‘ Philosophical Transactions ’ for 1828 contain an account of experi- 
ments pei'formed by Mr. James Walker in the East-India Import Dock. A 
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bluff-bowed boat was towed across the dot'k by a rop(^ and winelu worked 
by labourers, the rope being- fast to a spring w^nghing-maeliiao on board the 
boat. The boats tried were of sonicwhai Ididf form, and it was found that 
the resistance varied only roughly as i.he vdooity s(jU!in.ul, ineiv'asing fastor 
tha,u that a,t high speeds. The drawings of the bojits an^ not given with all 
the detail that could he desired, nor is the (anidition of their surtaiM' miiiuh'ly 
described; but tlio experiimmi was in the right direetion, l)eing npou 
actual boats nieant for use, and of a sizi^ far exceeding tbe models of pre- 
vious expcrinieutcrs. 

Sonic (experiments by Mr. Coltluirst, both on the forms of doaiing bodies 
as affecting thoir resistance to motion, and on tJu^ friction of wetted sur- 
faces, are given at p. 3J30 of voL xxiii. of tlie ‘ Civil Miigiueers' dd-ans- 
actious/ 

Wo also refer to the Eeport of the Committee appoini,(‘d by the British 
Association upon the comparative resistance of hotlies wholly and partially 
immersed (B. A. Eeports, vol. for 18(h>, p. 14S). Tim Commit iiw d(‘ci(lt‘d to 
print the observed facts without any deductions. It is not. neec'ssary to ihn 
purposes of this lleport that we should discuss tlnnu. Wc' Imve alrt'ady 
alluded to the ditliculty which they indicate as Ixdng f(dt witli rt\spect to 
the way in which the water of rcplae-emcnt Hows in at the steiMu 

We will next refer to the experiments of (taptuin Bourg«»is, which win-e 
begun at Endrot, in 1844. Ho first had several boats fi-oni 22 to 2o feet 
long towed by the ‘Pelican’ steamer, then uiuh'r his ortbu's, and lat(U’ a 
small merchant schooner of a little over DO feet long, and iifferwurds the 
* Pabert,’ a brig h8 feet long. These vc'ssels 'were siinjily towed, and tluar 
actual I'csistances measured with a. traetion-dynanmmoU'r. Similar experi- 
ments have also been tried in Franco with the staHuv-stt^amm' ‘ Splilnx,^ 1(M4 
feet long; with the screw despatch -lioat ‘Marceau,’ IBl fetd long (williitH 
screw upon deck), and with the 74-guu ship ‘ Dupernh' ISd hud. long, built 
by Sand. Probably nothing could bo better than the expuiments thns madts 
and it is from these that M. Bourgois has derived the coi'flicimita of the 
formula which he has given. But, unfortunately, the partieula-rs o{‘ the 
ships experimented upon are not given in great detail, nor m\ Wivir draw- 
ings published. The only particulars given are the length and bnaidth on 
the water-lino, the draught, and the area of midship-section imnierscd, hut 
without wot anrfaco, or even displacomont. 

^ M. Bourgois’s memoir has no date; but it is evidently In fciw limn iSoB, 
since he mentions that as the date of the cxpcriniont. It also conlaius .sfuno. 
results of trials of proptdlcrs set to Avork against a dynainomotm- with the 
vessel made fast, and some trials (h^pimding n])ou the nu^asaroment of ilui 
poAver exerted by the (mgim^ But Axm do not projmsc^ to disr.tiss tln^ iriafs on 
steam-ship perf<)rmanc(\ Not only is this the AVork of anoihm* ConnuiUt^o, 
but, inasmuch as they introdu(‘U tho iincjortain offocts of the onghm. nml 
propeller, they fail to give any accurate account of the resistamjo of I, lie 
water. 

In tho earlier history of tho subject, it was supposcnl tlmt nnahds would 
most aptly represent ships at tho same speed both for the ship and the 
model. Tho experiments at tho East-India Import Dock in 1827 ami ]S28 
seem to show a dissatisfaction with the results of small models ; and some tinu^ 
late, M. Beech, the Director of the Ecole d’ Application du (ienio Marilhno 
in France, pointed ont that models of different eijics intended for eomparison 
to move at velocities varying as tlio s(]uare roots of their 
lineal dimensions. In this case the actual resistances Avould vary as tho 
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cub(3 of tlio lineal dinionHions. This would follow from tho theory of the 
resistance of su])iu(n’gii(l bodies, on tho supposition tha,t tho resistance Taries 
as the vSQuaro of the s]K3(ai. If, iijjjaiii, we consider Mr. Hcott Jlusscirs theory 
of the hni^th of shi])s (that their extreme speed should not exceed that of 
an oscillaiinf;' wavi^ bea,rinj3: a deiinite ratio of lonf»‘th to that of tho ship), we 
arrive at the same conolusiou, the, length of tho wave varying as tho velocity 
s(juartHL 

Pi'optmt I H i 'pevl mm 

Tho exporimonis upon I'esistaiice which we consider most important to bo 
made arc these : — 

That a ship of considerable size and fine form should be carefully solected ; 
a screw steam-ship, with a screw capable of being lifted, with a clear deck, 
olfering no iinnecessa,ry resistance to the air, and with little or no rigging. 

That her form should be carefully measured in dock (her linos taken off, 
as it is te(hnie-ally called), and sight-marks carefully laid down, so as to 
ascertain whether she deforms in any way when afloat. 

That she should ho towed at various speeds, from the slowest that can be 
rated to the fastest that can be obtained ; and that the resistance should be 
ascertained by a traetion-dynanioiuotcr, selt-rccording. 

Tlnit the place seh'ctod for the experiments should bo a deep inland water, 
free from ground-swTdl, and smdi that the speed of tho ship can ho observed 
from tlic land as “well as from the vessel. Tho water also should bo clear 
enough to admit of being seen through to a considerable depth. The place, 
if tidal at all, should bo freo from cross tides or irregular currents. These 
conditions, it is believed, may bo found both in Norway and on the wmst 
coast of Scotland, 

Careful observations should also be made with a view to ascertain the 
direction and velocity of the local currents caused by the ship’s motion. 
What those should be will demand careful consideration, having regard both 
to the ship and to tho place selected, and to personnel of the observers. 

Tho same remarks will apply to the precaixtions necessary to prevent 
interference by the currents thrown back by tho towing-vcssol or vessels, 
and to eliminate other sources of error. It is of cspccinl importance that the 
ship which is being towed should ])c kept clear of tho W'ake of the towing- 
vcsscl or vessels. It might bo necessary for this purpose to have two tug- 
boats with hawsers meeting at an angle in the form of the letter Y- 

it is desirable iliai. these (experiments should ho performed with at least 
two vessels cousiderahly diirming both in size and proportions, and, for each 
of th( 3 m, with difhu’ont condition as r('gards smootlnicss of surface. 

A. third class of ox])<u’imentH should also he made to detonnine the rate of 
rotardai/ion of a v(iSH(‘l which lias been made to attain a certain velocity, and 
then (the xiropelling-power suddenly ceasing to act upon her) is allowed to 
come gradually t.o rest through tho resistance of tho water. 

It would be (Icsirahlc that tho sumo vessels (and as nearly as possible 
under similar conditions of draught and trim) should bo made use of for 
trials of propulsion, and that in those, again, a dynamometer should be 
interposed between tho engine and the propeller ; and in this case also tho 
local currents and waves due to tho joint disturbance of ship and propeller 
should bo observed. 

We consider that experiments of the kinds w^hich w"e have proposed have 
now become necessary, not only to the theoiy of resistance, but also to the 
practical calculations of the effect of steering- and propolling-apparatus, and 
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incidentally to the design of these and to the apportioniinaii of engine- 
power and driying-specd. 

Such experiments are quite bej'ond ilio means of any Imdyhiii tlio (Govern- 
inont of a na.val power in time of poac.<', ])o.s.sosHing shi])s which ninsi ho 
exercised with their crews and staff of oHieers. Tlnn’e would of eonrse ])o 
extra exponso attending such trials ; hut this ex|)oris(‘. is in no way eoinnnaisu- 
rato with that of huilding ex])eriiunnial vessths, or arriving tentatively at 
the suitahlc forms and ]>ositions for ])rop(dlers. 

Wo ihereforo recommend that the (hnmnl of tin'- Hrilish Associalion 
should authorise a deputation to apply to the A<inHralty to provide for such 
a sot of exporiinents in the course of the summer ()f also, that tln^ 

Conncil should appoint a Committee, consisting of thre<^ Alemhm’s of tln^ 
Association, to confer ^Yith ofticers of the Admiralty I'ospeeling tin* del ail of 
the experiments, and that the Admiralty vshould i)o ri'fpn'sttul to give mi 
opportunity to the Alemhcrs of that Commit of taking a. shan? in the 
observations, in order that they may he cnahhal to make an imhqnnnhmi 
report upon the results. 


ROLLiwi or siriihs. 

Sfahility and Ftro O.Nr///u//o». 

The statical stahiliiy of a ship in still wa.t(*r dc'peuds !i]>on two (‘t|nations 
and an inequality. 

Its weight must equal that of th<‘ fluid it displaeiss, or it will adjust itself 
hy changing its water-line. This involves a tirst tMjunlion. 

The centre of gravity of the. displaecsl wai('r must la' in tin' same vertical 
lino with the centre of weight-s, or there will ht^ a. (‘onph' which will ])ro(iuco 
rotation ; after which the ship will take up a fresh positimi. 'Ihis involves 
a second equation. 

In case of a small anguhar displacement, the centre of gravity oi‘ the 
displaced water (or ciOTiua oi? mjovANCv) must move oMi faster tlmu the 
centre of weights; otherwise, on the slightest, tl(‘ra,rig('meni, t lie re will he 
an upsetting couple, that is to say, the cquilibrhim is uustahh'. I'his in- 
volves an inequality. 

The arm of the couple is the horizontal distauco hetween the cord res of 
weight and buoyancy, Tho moment of the couple is the product ot‘ this 
into tbo weight, or, what is the same thing, the diHjdac.cmif'itt- of tlu^ ship. 
If the coniro of huoysiiicy moves out faster than the C(uitr(' oi’ w<'ight as llm 
ship lieols, there is a righting couple; if not-, there is an ii[)seUing cmqdc, 
which tends to bring tho h1u]> to some new posithni of equilihrium, 

If wc consider a vessel having a plane of syinnudry like- that, in which 
the masts, stern, stern-post, and keel of ordinary ships li<', and rolling irans- 
versoly, wo gain much in geometrical sinqdicity, a.ml also in simplicit.y of 
language. AVo arc cnahled to deal with tlio mechanical questions hy imuns 
of piano geometry, and wo are st ill able to extend them, wlnm n(‘{'cssary, hy 
the ordinary rules of tho composition of motion. For this ])urposc wo'havo 
only to consider tho axis of motion as parallel to the plane of synnnc'try and 
to the water-section. Tho statical stability, as already r<mmrked, is ineasunid 
by the weight, and by the horizontal distance between ilm ccntr<‘s of un»iglit 
and buoyancy. But when those coincide in horizontal position, as they do 
when there is equilibrium, we are driven to some other measure in order to 
avoid indeterminateness at the limit. For this purpose wo avail ourselves 
of the point at which the vertical line through the centre of buoyancy sirikea 
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tlio plane of symmriry, or mitfii/t -fitu' jf/fi^u ^ jks ii is Itn'Ijnioally railed. The 
Umiiini? jjosilion oi' this inti'r^Mdion, ^vllen the an^i^ular d(‘viation is iiiclofi- 
nitelj siniilh is rallod tho Mf:rv< f:N run. This inolaomlro is the rriti<-ni 
point- hehov wliioli, if the orntre of weip:hl he kept, tliere will he stable* 
eqnilihriuin. 

It. is shown In books on liydroslalies that If a tloafinji;’ body reeeive a so?o// 
iiKdinaiion, the tWi) \vater~se<’l ioiis inter.^t'el in ii liin* ])as.sin,t^ thro)yt;'h the 
(anii-n* of p*a\ ity of eaeli, and also that the lim* passing;’ thron^^h t\v<J sae- 
eessive eeutr(\s of buoyaney tejuls to ]>arall4‘lisin with the wati'r-setdion* It 
follows that the stulnlily of a sliip, statically consi(l<'red, may be nu'aHDred 
])y the stjdu^al stability of a soli<h wliose centre (»f n;ravity eoincid's with 
that of the ship, but M'hosc* surface, inst<*ad of tloatifri*' in wiit(‘r, rtssts tm a 
iiarii«)ntal 1abh\ This ri'prr‘sentative surfaei* is the suriaee formed by tins 
coni.res of ]>m)yaney of the ship at different imdinations. Tiie nn'tatamirc 
of th<^ ship is then tln^ (snitre of !i;'reatest or (»f least curvat ure of this rcqire- 
sentativt* snrfacM*, called the .sa/e/hee o/* /onoa/ae//, ma'ordini^ to Avhet luT we 
consider transverse* rollinij; or longitudinal piltdiinp;. 

"When we pass from statics to dynamics, the ri^ujhfing or n])seiting force 
simply nqwesenfs an aeecdm’alion. But if tin* sliip he considerisl as eom-en- 
traied a,t its ('erntn^ of p;ra.vity (in disre»»;ar(l of the actual distrihution of 
weights in respc'ci of iiuu’tia), the same geometricad ('onsidtu’ationH hold, and 
the s])ace through winch tlu^ cemtn* of gravity ris<\s or falls as tlio surface of 
buoyaiKsy rolls is called tho measuri^ of difnamurd It is simply 

proportional to the integral of the si atieal sialdlity tak<ai with referomio io 
ilio angle of inedination, lis product into tho displacement gives tho mirha^ 
'ideal mid: r(Hpiir(3(l to heel tho shi]), considered as concentrated at its centre 
of gravity, to a given angle. An example of its use is in the Boliition of tho 
problem of iiucling how nmeh a, ship woidd lio over to a siicldon gust, si.rong 
enougli, if it came on giaxdually, to heel the ship to a given angle, Tho 
rough solni.ion is that she would lie over to double tho angle of the staiicfil 
stability ; and this remark is of importance in judging of the safe limits of a 
ship’s stability. This solution, it is to be observed, takes no account of tho 
moment of inertia of tho ship about its coutro of gravity, and very littio 
account of external form. 

Exporimont and theory both go to prove tliat the time in •which a shi]) per- 
forms a complete double oscillation varies but very littio, whether the am- 
plitude of tho oscillation bo small or largo. Hence every ship has its equi- 
valent pendulum. If h be the radius of gyration of tlio ship, /t tho distance 
between tho metacentro and the centre of gravity, the length of the cipiiva- 
Jd 'IT h 

lent pendulum is — , tho periodic time f is 2 and the greatest angnlur 


sin 0, where 0 is tho amplitude, or departure from tho 


vortical ; but the approximation in this last formula is much less than in that 
for the time. 


Dnpin has shown that tho free rolling of a ship, regarded without rofor- 


* Tho true dyxiai-nical stability is tho actual work done in heeling ; but the ■w'ords are 
ordinarily used in the sense slated in the text. 

t The time here used is that of a double oscillation ; i, e. tho time wliich olapaos be« 
tween the bob of the pendulum passing the lowest point twice in the same direction. 
There is very often confusion between double and single oscillations, both with analysts 
and in the records of exporiments. 
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euco to tlio disturbance or resistance of the water, is unalopjoiis tbe lre<'. 
rolling and sliding, on a smooth plane, of the surface wbicii is the (MiV('h>]>e 
of its planes of liotaiioii, the centre of gravity, the upward pn^ssure of the' 
fluid, and the moment of incirtia being .su]>posed io remain nnaliertnl. Ihiir 
although this stafomeni reads simply enough, the (‘xpia'ssieiis for tlnj time 
and the period, which I'csnlt from it, an^ (weecahngly eoiuplex. An inves- 
tigation of it, suhjt'ct to tlie sole restriction that the transverst^ section ul 
the surface enveloping the ])laneH of flotafioii slmll he (‘irtailar, has heeu 
given hy Canon Moseh^y in the * Phi,loso])hie!il Transaciitms’ lev I Sod, 
p. G2(i, and is reprinted in his ‘ Engineering and Archil t't*.t\ivi‘/ Ihe res\itt- 
ing expression depends upon a hyperelliptic itiiegral. Ihit we are, without ♦ 
evidence as to how far the restriction is iuliilled ])y ordinary ships; and we 
do not find roa-son for supposing that the variaiion of ilie radius of cmrvatmHs 
which is thus taken as constant, ha,s cvct been praei ieal ly invc'st igat ed. Unu’e 
is, however, no difiicuUy in extending the fornmla io the general ciise ; hut 
it does not appear that, the integration can be ethxded without introducing 
restrictions. At any rate the value of the inii'gral has not ytd. he<*u traced, 
except for small oscillations, when it ixubici^s totln^ one ])rtivio\isly givtm. 
There is a reduction in some ])a.riiciilar cases ’"', and not ably in the eascj t>f 
isochronous ships. Professor Itankinef has shown ihid. the eot\dition id' 
isoohronism is that the curve of buoyancy should he ilu' si'coml involuti^ tif a. 
ciredo described about the cent n^ of gravit y. 

It does not appetir that the ariihim'tieal couseepnana's of 1hi‘ variaiion of 
the law couiK'cting time and angular veloe.ity in nnr(‘sisttMl free rtdling hav<' 
ever been worked out. It would be a. very laborious busim‘ss ; and we shall 
see by-and-by tluii it is not the child’ problem. 

^ Lei h ho tho radius of gyration, X the height of the mclaeentre above the of 

buoyancy, and H., the of the conims of gravity and buoyutiey -' nil tateu for the 
upright position. Also let Q bo th(% inclination and 6| tlie cxtrmic, ami p the hf ujht of 
the centre of curvature ahom tho a<?tual plane of floUiiiun, Then flanon Mttselcy's lonuula 
gives for the periodic time of tho double oacillaiion 

virr-*-So / . 

9 J — ^ I 111 — 11;^ 4"^^ (^08 (h)} (cos 0 — eOH ^i) 

Tt will be observed that (Ili-fp) sin 0 is nothing bxii the horizontal distimco Iwivvmi the 
centre of gravity of the ship, and that of tho piano of flotation ; or, in otlu'C words, tlu^ 
perpendicular from the centre of gravity on the normal to tho l1ot!ition-env(dope. it 
seems, at tho same time, simpler and more general to use lids (which we may (‘all r), 
instead of considering the curvature. Wo tlnvs get lor tho )>oriodit* Ihno 

|ni--ll.^+h\(cO8O4-COH0,)| ^COH 0 — cos d, j/ 

Now, if V bo constant, that is to say, if the flolai,i()n*cnvelopo Ixj tho involute of a circle 
described round the centre of gravity of the ship, this rotluces to a t!(>m])h‘lo elliptic intc*™ 
gral of the first kind ; but the solution is not mechanical mdess or the flotation* 
envelope reduces to a point. When, moreover, tho centres of gravity and liuoyanry coin* 
cide, Hi— Ha vanishes, and the integral may bo at once transformed to its regular cxprc.s- 
sion by writing sin 6'= sin sin 0. Wo then get for tho periodic time 

The time at any moment is got by integrating from —0, to any value of 0 it}at,ead of t,o 
— C. W. M. 

t See Trans. I. N. A. vol. v. for 18G4, p. 34. >Seo also Proude “On rsochronism of 
Oseillat’on in Ships,” Trans. I.H.A, vol. iv. for 18G3, p. 211. 
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llevcrting to the approximate formula) for small oscillations — 
periodic time =2 ~ — =2 suppose ; 

V</fX 


grcaiest angular velocity: 




i 
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sill ] 0 , 


WO SCO that the periodic time of the oscillation varies directly as the radius 
of g 5 U'ation, and inversedy as the square root of the mctaccntric height. This 
teaches us how to regulate the periodic time of a ship, cither in settling her 
design, or in the distribution of her weights. Wo see, for instance, that a 
vessel with a rising door and daring sides tends to (pick rolling, by having a 
high metacentre ; that a cargo of railway-bars has the same cftect, by bring- 
ing down the centre of gravity ; and that running-in the guns and sending- 
down the masts has a similar tendency, by decreasing the radius of gyi'ation. 
The expression for the greatest angular velocity has been sometimes inter- 
preted as indicating that (jnick rollers roll through largo angles. The fact 
apxioars to be ox])erinienta]ly true, but its inference from this formula involves 
reasoning in a circle. The formula only shows that for the same amplitude 
the greatest angular velocity varies inversely as the time ; but this tells us 
nothing about the amplitude, while the formula itself is obtained on the sup- 
position that the amplitude is small. 

The position of the ship’s centre of gravity and the length of the radius 
of gyration cannot, practically, be obtained by calculation. The centre of 
gravity is generally found by shifting some known weights through known 
distances, and observing the angular motion. The displacement and mota- 
centro are of course known by calculation, and the problem is then the same 
as if the ship were suspended from her metacoutro The radius of gyration 
is found by observing the time of a small oscillation in still water, and 
then eliminating the effect of resistance f. 

As the mctacciitre depends upon the moment of inertia of the plane of 
flotation, it is different for jitching from what it is for rolling, and so for 
any intermediate position J. Practically, the inotaocntro for rolling varies 
from 0 to 20 feet (as an extreme limit) above the water-line, while that for 
pitching is from 70 to 400 or more feet high. The moment of inertia of the 
ship also varies greatly with the direction of the axis about which it is 
taken. 

Free IloVhuj in a Jiesktinr/ Iledhmi. 

The oxporiments of Mc^ssrs. Fincham n,nd llawson, undertaken at the sug- 
gestion of Canon Moseley §, led in the conclusion that for vessels of semi- 
circular section in which the disturbance of the water is the least possible, 


^ The method, V'iih an account of some experimental determinations on several of 
H.M.’s ships, will bo found in tho Trans. Nav. Arch. vol. i. p. 39. See also v- p. 1 ; vi. 
p. 1 ; vii. p. 205. 

t As to this, see Mr. Kankine’s Note in Trans. I. N. A. vol. v. pp. 31, 32. 

i See Dupiu, ‘ Applications de G6ometrio.’ He shows that tho metaccntric heights for 
rolling and pitching ar(3, in fact, only the two principal radii of curvature of the surface 
of centres of buoyancy; and lienee the metacontres for intermediate positions may be found 
by the help of the ellipse of curvature. 

§ See Phil. Trans. for 1850, and Moseley’s ‘Engineering and Architecture,’ pp. 616, 617. 
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tilt' <lyn;]iiiknl stability tbiiiid by t‘%{n risurfd tlillbiMl \rr\ Om! 

df’rivrd from Iho riso .no! fall of tho of m t‘.>’ v' . t '4 

a. luodol of t ri;nt?cular M’t-tioa, tiir inability b*uuii by 

dolVfd, int ho snoioire u] ir aiodt I llir o\fioao’ ioi'btnb.* *1 y-.-'in >1 .)<. tbo 

su<id(‘Ti npfilioation <4' tho forrt* m a .. \^n b u fiir flmiopf' -'ipr- 

(l(>ubi(» that du«' to il^. ,l.il ioai olfot t* W il b t ho in siojila? •; >4^ ; ^-'i* » tnTo.- 

AVas losN than dniiblr flio aatioal iaobiiatiMii. Thn n joantan i-' ao t* a 

lui'^ht bo o\|K't'b'fi jiti5H ibo ib’ t iirbasM o of tho w ator jo' u ') ‘f n» 

by t lio un;’,tihr iiofdtd, and w jn< h uoiibi, *5f ooin 1 . t jLo iijiioi! -a : . a. -Si. 

bill tliiu <'%prriiuriil III ofuifinaafiou of thoon 1-. }s;'',ab, / ‘ -n-n. , ,.5,1, 

liowovor uo may loav Un^k baok tipoit tho lutHtr* 4 i u .i\l\ ay- d 
|u*rim«‘nls that thf* ooiitinuiliim <ifour ibo^aio tr^l . 

hi a ro»ibtiipjr modhiiu, tbo amphtutlo of tboM.,llni,a o" . m;,’ 1 v 
alfrtio i, imt. tho poibHlio Uiao inHioriv** - ^oi \ iiyb* ^ b m > . b / ‘ • , ' ’ > 4 

/.S' aitorod to a Nfj^iht oNtoat, nn}lmMibj''t o > . f'.i a, ’ *’0 at 

pvon by I’oivsiHi, Sjoko s and oilor mnor* on to' • b 3.' •, » .1,701 , pi*' 

osoillalioit of a {Maidnlnm in air; a <',.{oll\ . t >5 Mr. To ’ 3.0 ' « v'- 
a ]»ombilnm oj.oilljd iu.r in M alor ; an*! t . t** {’j t. >> bi . j r 

on kool-roNistaiioov, in v\ hit !t f ho iii« 'o uuMif .bmimi n '. 011 ... , 5 ?:on 

}iypt»i,]u'iHif4. 

l>os>ol jind Pois>-on ha\o iminfod ont that th«' \st?!ul k*. .it'} uudn o'u^ 
osoillatioii in a rosi.fini,^ inodmiH !'» ^ntoator linn tin? «i.o ? > tb» nM* nn 
morsi<»n. Mr. MoNi'hy lu/ikos tlio Kamorunnk u itb tot. hos^ *' fo f bo r-'lltm,?: 
of sliij*'^. 

‘ j‘r«<f»*s-^* »r (btiikim b<i'< in’!.*’ ab; fl tla oHh f of tin 'nj'ahn. a a* fion t.f a 

ko<d on tho roiliiio, in 'niooth wator. on tin o'-amiption tint tin* motof fit o| 
llio rifi:hlintf 0 ' 0 jj«b’ i- :n‘!n|d\ f** tat nolnt.-notn, and al o ihti 

tilt' mojiH'nt of rt'aiM.'tfioo to rollijof, oano 4 b\ fho a54,oH n <'n * ft fbo 

kind, ainl ihioib is |irn|tortioiiai to tin* fin^nb’ir n bnat) . Ho iinn Um fbr' 
piTOdit*. time k ulloiod from 



M'horo f> iH n oonHinnt dr‘])onding oti tho nmmont of tho roMiNfiiitro ; an lliat 

nmniont <»!’ rtssiatann* of wafor 
(linidfM'omt'Ht X iui‘'uk'ir M'hnafy' 

tho oilbol <d‘ lln* rosini anon 1 him b'lmtlnaiinj? tin* poriodlo lifoo iji tho .aino 

« 1'nuri- lnfb Tshiv. An4t. \ot. iii, |*. JU, Mr. Foiudo )uo. thiTo tibinui fbtt uh.*,, n 
ptaulnluin ori hip porlbrms ioji'lirmiitiiii tiMtdUiit toim in n nii'diutn lln* o'-i-afost »' t.f » ha h 
vnnrn sis tho MjUMO'of t ho \olo<4i^>. tho mn|t!hudohofjlM> Hno‘o5^;MM5i5^trdi,aioji% 1 4 

by roHiMiiiK'O, udl ibrin Miot'r?.Niu» i»r<linuloN of a tau'vo, \shirii apja o.h 4»»'>. i.o?ii 
doi^roiMff to an hjipfrhnhi, ndkrnal to om* »4' n-niMh i »|}tul 

poriudu ot' t ha t3t(oiilation.s}»oin» n'jtn’oniti'd t};^ snoov-iKioo'tiaal iiaa'Munit . of ihi. 

^fha ospapinH'iitjf viilh 11 {n-nduluni jih r\luhit«at in tho tliaia*ani iphifo'^ot tijo M.tnnto 
n4Wml to) aocord vory idowly with tho law wliioh imiy Ihu** npo^Md I** 

initml ainpliiutk^ mid timt nl* tlio ?/4h tiwillation, thou tliut «t flia » rid at mn «4b-r, 
nih will Ira 

0 "X. . 9'* V. , 

t IVttm lusk Kttv. Arch. toL y. pp. 31 , /il* } 
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proporiiuH an if Iho iiuaiia of ilio roUiiig mass were incrcasod in tlio ratio of 
Huity to 



ant] poriodio rolling in smofdh wuior luMaunint; impossible Avlion // c" is capial 
1o or i»’n‘ab‘r 1 Inni *1 fi 

Oj hh^f! ihu! 

Tlun'o is mnrb vaiL»‘iifiu’ss in (bo use of th(^s(‘ ionns. Tlioy are generally 
ap]>Iio(i [iroTuisonuUNly to tin* p!‘aoii(‘:il himIraiHM* oaused by moiion to the 
persons ongngJMl in woi’king or mantiMi\ ritig iho ship, (o tliV iin'<mvoniencc 
foil by ]):isson*A’orh, (fi (lu‘ Ntnnning td* a sbipV sirm-lurt*, m* iho, ieiulonc.y io 
hbin. her cargo, or (o broak away half- 1* iM cued \sriglits, liko ])oais or guiis. 

I’liosi' all a]»pcar lt> {lcp<'inl in ^ arsing j»n»por(ions on tiu‘. following exact 
dal a:— *• 

'riu^ cxiciii or am]jli(ndo (»r angular motion. 

'i'lm rapidily of angular motion. 

'rite accob’ral ion of linear moiion, 

llal llie rapidii) »tf linea?' nod ion ami Ibe angular aeceloration (esrcrpi mo 
far as (his allecdr? bcmling sin* .. or it ifoohes Inioar .acceioral ion ai a 
distance from the iir^tfudiineon,, axi.'*) <lo not appear to have much practical 
inllnence. 

In still watiU’ the only motion which is snfllriently great t»» cruis«‘ inenn- 
veiiifMici' is that t»f rolling. Uolling sometimes prodnees as NfS'onikuA pheno- 
mena hotli pitching and dipping; hut. neither of these art' sutlhaenl inexttmt. 
in still water, to jirotluce ineonvcmitmec. The rolling, lnu\e\er, may be con- 
Hi(]erabl(\ cspts'iaily in the cast* of a ship going unreadily heforo Hit' wind. 
Hut if tin* water iisi'lf ht* oscillating, t«u‘n nmderai.ely, or if ihert* he a gusty 
W'ind, then a, Hyrndironism ladwtam any two t»f tin* tha* movements tin* wind, 
the waves, the rolling, tln^ pitehing, tu* tin* dipping' or even u lt\NMer ex- 
tent ) their concord at regular inb’rvals may eause ( hem to enhance (In* eflecfs 
one of amd her to such an <'xient as (o hecome Imsfincnieiit , and in ('(‘riaiu 
eases dangerous. In the fMse of a thoroughly nneas\ ship in tiie mod. iin- 
favourahie <ar<mm;dauces, (he axis of angular motitui may assume ;my and 
every position, and (la* linear aceederation may take alh*<in(*t‘ivubh* dircciibum; 
but aitliougdi au\ jiartieular point may desertin* the most irregular eurvi'H, 
bfdh in form and spcisl, rcjati\ci\ to the M*s:a*r.s (aatrae, \et tin* chi«'f Hr>ur(*t' 
<d’ praelitad danger in op<’** w ater flepemfs upon the acrumukalion of luotioii 
urising from syuehnmlsm. 

It appears to liau* hcon generally oh a rvctl tiial v<*sselM which have u Hlimi 
pcriofl of rolling, als»» r<»ll through larg,e angj«r». In this way the iim'usiueHM 
nfOie ndling nfidcrg;ocs a donblo inena c as the period dimlnisln*H» Further 
ami nittre exact experiment, is ta ipiiiaal helbre wc can aay Imw fur it 1 h con- 
neeti’d by synehronijan with wn\e mol ion, nr xvhethm* it in an independent 
]jhenomenoii. Our pn^jamt the<tiies do not show it to ht*> a iiet'«%sary coaH<*- 
queuct* of rolling In smooth w'ater. 

Huerxx 

We do not consider it necesHury io gf» into a faunal disfuission of IbiH Buh- 
jeei. Ah regards the behaviour of ships, il isijuib* sullhdcni to assume that 

^ Dipping is the nutne giviii ti» the vcHkfid oscilhUion of the ship ub a whole rdathely 
to the surlHcy of the water. 
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IIh' profile of n Mtiiplo w.'ive is trorlinifl;#]* nirl lint tin’ p:>rlir]r^ H \n-trr 
move in eirt'Irs ill n vorliotti plnno, jit nnlit jm'.'ifs to llio 
(»f ilu* waves, Hk' ron oeqiH’ljecH niotinii aro ■ ' I , »e; t] s- 

nHStiiripfion lliai iln' ih ptli of water i- unliniiled. 

'File diainefor t»f iho (’lrt*ie inwhieh a surfifi- initioie te-a. t fie li* i "ftt 
of ihe wove from linII<o\ to en-.t. r.trtiejr. wliirh in tJl v ti. i’ v-ojul if 
n lowin’ le\rl, di’senl'!' sin.iUer rir»’l«’S in 1 In- '''inio P« t O'd. \ leo >; 0 (< il Of 
(in the still water) i thn s ennverted nito n waxe-'antoM* nf fhe . em ? « tt-ui, 
lint of redneni iunplil inle ot o',eiU.ttion ' . d’he xth»ni) >4 n.- ]<'!*:• i* ? fnd 
on this ijeprncls tin' Impthi <»!’ n \vn\e) i . Niinpl) tin’ en* and* h< '■ * ! *» s- of 
these eireles h) the perimlit' tino'. 

1 f We eoiisider andnnin of particles wfdrli i d ia , dd ^ 

eoluinu oseiliates in svavi'wxater Ido- I’om- i flit', in a ’o-n i * we.d, ."ai it 
also <iseiilatis-i V(‘Hieal}y. But it ;du.ax .dt‘pe ^ fut if» “• ■! t.o u iXf, 

and the ohliipiity thus indtieed to eidnin o th ft di,* !<<!!• e, ..n- ) p* : 

HO that if we reu'ard 1h»' pi’nlile t*f a wax< . a ^as dl omiJ . n ..* *» ’» i, o n im 

fijulal* when still, uiider-oo.- a d'O.dde dePo nn? n»ii, lh~ ha^^-a'd e'tio*- 
lolhnvin^’ t he w*a\e-sh‘p(% rnai tie xHfe il '-oHim . Pna f* od* 

the iTest, Itolh eaH!Mn tending' fn in* rt i-* th*' anan; *i *!• t^-niMlffO 
off*! preserv*' natanpodarity, 

1'he rrest *ff th*' waxe h*'in;,!f -‘harpt'i than fie le'IiMxx, uud th* fpiinPtx o| 
Wider iiixariahle, tin’ IntH/ontal plan*' whiih le-. h fitwax t., ^ dd*'X aiel 

<*r<'Nt IS hi,uher than tin* nnan, '♦»’ rtdl-w>dM‘. l«x*h ai,d d * * h 'seP*'n h 

lea'll hIh»xui to h*' e*jiial t<* tie* le'ii'hf *1(0' f«* fh‘ u i.f i» x**! di'<n «d fhe 

part i*‘l*'s. 

C’onsidi'r***! as tii»i')»oids. tin* w iv«’ pi«‘rd«\ ai** ir!?***! la a pintd wilidn a 
air<‘h' rnlljiiL? oa^A/* a leni/siiital lun*. 1‘h»’ hm ineixx ly h»iw»’* ii v.jlh'X nie! 
vreni is tie* lin** cd' *'*‘nlreH. 

The partieles of xxadt*r nhiixi* tlo* lino *d' rent tf*-. ar*^ tnoxine; f'nxard , •vt 
repfimls Ihe dire<di**n <*f advaiea* of tla« wave; liefer hihox that litn hok 
wnirds. The inirtieloH tn tin' front faro of the wave nr«‘ Usin^?:, and tlio v in 
iln* rear-fan’ lalhn|4. 


’'riin wave whoso period Is *,th of ti nomnd IniH a length of X i 


wheue*^ wo fnid the nninh*'r of xvnvoH to a Hoeontl t«i ho n 4 / ‘ ^ , 1‘ho 

V Lt n A 

voUieity of wnve-propagidioip that Is to un\, of tin* appar* ni ioh Me * of ih* 


WHVC in H .l.M-J, in „ X -.r 

of tlni wave a-msi varies m the poriialie iinn% ami the length «d' lln* xx *xo 
varhss as tht'ir pnaluet, or aa th*' Hqtiaro t*f laihor. 

Tin* vijrlieal disiurhuaco of a piirtiele xvlniso d**pth in Mil! xvahi* xx*odd 
ho k in 


'h being the licdghi of the Hurfaeo-wavo, 


, ’*! 3>rfwmgHof tho ftfniduro M* n <r**ehcMd^^ xxinvxvill he fiunjit in da- IJndd* 

phe.7, x*4 m Uf 

plate 4 vol ly. h(H8 id, pliiia IM, hu<1 v**I. vi, for iHOre plaie In ; ’Slhphijd*har : 1 h* ** - 
retioal and J. metical, liaiikau*, p, (H); iScott liusHcll, ' Naxat Arehit**etnn' ‘ phUr I IT, 
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No wave can bo Hharp('r than a cycluidal wave ; for if ilie trochoid wore 
looped, the particlcH in the loop would be unsupported. When ilio wave 
form ieuds to pass ilio cycloid, it must break. 

The extreme observed heij^dit of ocean-waves ai>])ears to bo about dO feet, 
and the g’rea,t<‘si obseinanl leupjtli (»00 leet ; ibeso would have a periodic time 
of 11 sec«>mls (n)n,i;bly); tlndr crest would advamte at a rate of blJ knots an 
luair, and tin; velocity of ilu' surfaee-partitdcs would ah(uit 1 1*4 feet pc'r 
{Hucond. In short waves of the same height t!i(^ pariieles of wai<T move 
faster, in tlu.» iuv(‘rs(} ralio of tlu* pcahxl; but the mass of moving* water at 
the crest of the longer wave is the gnader in the radio of 

X — TT /m X* TT Itf 

where Xand X^ arc llie lengths, and// tlu^ height. J(‘, niercfore, the ahovc- 
nioniioned wave W(TC5 shortened to tiOO ft'et, the siirfiKS'-particlcs would be 
moving at a nolo of 2b Aad a second, while the anass of wat<‘r in the (*rest 
would bo about one-sixtla. From sueli data it is (‘asy to infer l)ol]i tlie dtu 
struetivo effect of impact from th(‘. to]> of a. ^\a,ve 5 'iiih Ihi^ ndatlvo (pianiity 
of water which a shi]> would take on board in abi])]»iug a si^a. 

The front and r('ar of a tro<‘boid;d wave are exactly similar. Observation, 
ns well as theory, shows that this is triC' b) an extent not commonly l)clieve(l 
for ordinary W{iv(\s, Tlu^ exci‘]>lion.s are, wluui the wind is suHieiemt to j)ush 
'tin' to[)S of tln‘, wav(*H at <‘xtra spissl, and wlnm llu' water shoals rapidly, 
j>ut even here the rOative .steepness of lln^ advainang face is exaggerated by 
most, observers. Until a wave is about to break, the actual diflereucc of sIoi)o 
remains very small. 

It should b(' borne iu mind that circular orbits and trochoidal wavc- 
surfaee.s ai‘t‘ only npjiroximutlons, although near (‘uougli to the truth for 
pnrpose.s connected with ih<^ rolling of slu])s. In particular, it appiairs hot.h 
IVom thewy and ohservatiou tint ilitu’c is almost always some ju'ogressivo 
motion combined with the oibitai motion ; and also that waves lu'giu to hwnk 
hmg before their crc.si.s attain a form so sharp as that of the cus]hm 1 cycloid, 
the two slo])es at the crest of a hn'aking wave cutting each other alright 
angles, or nearly so 

dljo ordinary wave uj’ a rough sea is iisuiilly an aggregate of waves of 
(lilferent peno(l, and not unlVequently of diheri'iit direction. For rough 
])urpos('S, it is sunieh'ut to ilraw each systtnu of waves stparaiely ami add 
their <'orresj>oinling onlinatos, to get tln^ resulting surface. 4'his can liardiy 
1 m*. relied U}M)U iu extreme eases; ami, in any ca.se, tin* muhhm of each ])ar- 
thile is not* acconlitig to any tun* or more \vav<' -systems scparab'ly, hut it is a 
motion compounded td what woulfl be duts to (‘a<d» separately if tlu? otliers 
WiUHi not-, 

u f a SJiijt nniotifj irue<,sg 

A Treatise* on ‘Hhipbuihling : 4’heoretical and FrueticaliV by Fro- 

fessor Umdvine, <‘ouia;iiis, in a vt-ry clear and condensed form, a r/s////o' of 
n(*arly all that was known on this subjind; ti]) to lSd4 inclusise. dhe Ad- 
lowiiig aljslnint is ednctly taken from that work; ^ 

It is to be f)bscrved that what- Jhlhiws relates to the* coiuposiliou of the 
ship's oscillation with tlmt of a simpln trochoidal wave. The com])]et<' pro- 
blem of a ship's htdiaviour, <ie]M‘uduig as It dtu-.s ou wind, w;ivi*s, rolling, 
pitching, dlpinng, yawing, variable Inaid-rcMsl; nuu*. {iml lateral iH'slsUuiee, 

Suo IduL Mag. Kov. 1804. t Bec pi*. 72, 77 of that work. 

1809. . B 
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and direction of motion relatively both to wind and waves, is far too com- 
plicated oven for statement in an exact mailiematical form. 

If a ship floating passively in tho water, and without any progressive 
motion, were wholly without stability, her centre of gravity, eenire of Inioy- 
ancy, and mt^taceiitro coinciding in one ]H)int, tho motion assumed by that 
])oinf. would ])c oxacily that' of llio oouiro of gravity of tlu' mass of water 
displaced 1)y the ship— that- is to say, it wouhl revolve oneo iu each wave- 
period in a vorii(!aI circle of Uio same diameter, with the orbits of the ]>ar- 
tieh'S of water situated in tho same layer. 

This motion of the ship 1ms received the name of /imc/m/, that 

term being niiderstoud to comproliond tho swaying from side to side, as well 
as tho rising and sinking, of wliicli the orbital motion is compoundtMl. 

Half the iliffemice between tbo extent of heaving of tho ship and tlie 
height of the waves is the extent to which, during the passage of tiio waves, 
her depth of immersion amiflsliips is liable to he alternately increased above 
and diminished below her depth of imraorsion in smooth water. It appears 
ihai. deep immersion and large horizontal dimensions, but esp('clally dct‘]) im- 
mersion, tend to diminish the extent of tho heaving motion of the ship as 
compared with that of the waves, and that tho effect of those cansoe in pro- 
ducing this diminution is grenicBi among comparatively short waves, 

Tho weight of tho ship, being combined with tho centrifugal force diii> to 
her heaving motion, gives a resultant reaction through lu^r centre of gravity 
ineJiiiod to tho vertical in a direction which, for passive heaving, is porpeu- 
(licailar to the wavo-snrfaco traversing the ship’s centre of buoyaru'.y (a sur- 
face which may bo calk'd the effective wave-miface ) ; and that direction is 
the ap 2 ^arent direction of gravity on board the sliip, as indicated by j^lumb- 
linos, ponduhims, suspended buromoiers and lamps, spirit-levels,' and tho 
positions assumed by persons walking or standing on deck. The e<puil and 
opposite rosulting pressure of tho water, acting through the centre of luK^yancy, 
is ill like manner compounded of actions due to w^eighi and centrifugal force.; 
and it acts in a lino normal to tho effectivo wavo-siirface, that is to say, 
parallel to the resultiant reaction of tho ship. Tlioso two forct^s balance each 
other, not when the ship’s upright axis is vortical, but when it is normal to 
tho effectivo wave-surface ; and whoa she deviate from that position, they 
form a righting couple tending to restore her to it. Thus tho stability of a 
ship among waves, instead of tending to keep lior steady, as iu smooth water, 
tends to keep her uptight tofheeffectim wavc-^su’rface ; and such is the motion 
of any tohscI or other floating body having great stability and sniiill inertia, 
such as a liglit raft. This may ho called pamvc rolling^ or rolling with the 
waves. 

Passive rolling is modified by tho inertia of tho ship, whi<']i mulats lu'r 
tend to ])crform oscillatiouH in tho same periodic time as in still wafer, by 
tho impulse and resistance of tho particles of water against her ketd and tho 
sharp parts of her hull, which tend, under certain circumstaneos, to make 
her roll against tho waves, that is, inclining towards tlio nearest wave-cu’csL 
and by other circumstances. 

The tondoncy to koop upright to tho offoctivo wavo-snrfaco may 1)e distin- 
guished from tho tendency to keep truly upright, by calling the ibrmer 
ness and the latter stectclmess. In smooth water stiffness and stcadinoBs are 
the same thing ; amongst waves they arc different, and to a certain extent 
opposed; that is to say, tho means used for obtaining one of thoHO <jualitieB 
are sometimea projadioial to tho other. Stiffness is fnvoiirablo i.o tlio dry- 
ness of the ship, and to the powca of carrying sail ; steadiness is favonrablo 
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to her strength and durability, and the safety of her lading, and, in ships of 
war, to the power of working guns in rough weather. 

A ship whose course is cither oblique or transverse to the wave-crests is 
made by the waves to perform a series of iQngitudinal oscillations, which 
may be passive pitching and scending. 

In all the oscillatory movements which a shij) performs among waves, two 
series of oscillations are combined — ^those in which the ship keeps time with 
the waves, being her passive or forced oscillations, and those which she per- 
forms in periods depending on her own mass and figure, as in smooth water, 
being what may bo called her free oscillations. The tendency and ultimate 
effect of the resistance of the water is to destroy the free oscillations after a 
certain time, so that the forced oscillations alone are permanent. 

Passive heaving, or the motion of a ship when each of her particles per- 
forms an orbital motion, similar and equal to that of a certain particle of the 
water in which she floats, takes place when the ship floats amongst waves 
without having progressive motion. 

The progression of the shi];), when under way, alters the action of the 
•waves upon her in various ways, which depend mainly upon the apparent 
period of the waves relatively to the ship (that is, the interval of time between 
the arrival of two successive crests at the ship), and uj)on the apparent slope 
of the effective wave-surface in a direction athwart the ship, the latter 
circumstance being connected mainly with forced rolling oscillations. 

When the apparent periodic time of the waves is modified by the pro- 
gressive motion of the ship, the time during whicli the forces act which 
produce the heaving motion of the ship is altered in the ratio of the appa- 
rent period to the true period ; and the extent of the heaving motion is dso 
altered in a proportion which, for moderate deviations of the apparent from 
the true period, varies nearly as the square of that ratio. This law, how- 
ever, does not continue to hold for a very great increase of the apparent 
period, the extent of heaving being less than the ratio first mentioned. 

Hence the heaving motion of a ship is more extensive than that of the 
effective wave- surface, when the angle made by her course with the direc- * 
tion of advance of tho waves is acuto, and less extensive when that angle is 
obhiso. 

Yawing, or swerving of the vessel from side to side by oscillation about an 
upright axis, is, when produced by tho waves, the effect of the lateral sway- 
ing, which forms the horizontal component of tho heaving motion, taking 
place with different velocities, or in opj)osiio directions at the bow and stern 
of tho vossol. Tho forces producing it are greatest when her course lies 
diagonally with respect to the direction of advance of tho waves. 

For reasons already stated, a very light and stiff ship tends to float like a 
raft roiling lulth the ivaves, and assuming at every instant tho same slope 
with tho olfcctiyo wave-surface. 

Lot a board, having very little inertia, and no stability, bo placed so as 
to float upright iu smooth water; then, when tho water is agitated by 
waves, that board will accompany the motions of tho originally upright 
columns of water — that is to say, it will roll against the tvaves, inclining at 
every instant in a direction contrary to tho slope of tho effective wave- 
surface. 

It has been shown by Mr, Scott llussell * that tho condition of tho broad 
and rounded parts of a ship, and of her hull between wind and water, is 

3)2 


Trans. I. IT. A. for 1863. 



3C 


MPORi? — 1869- 


analogous io that of a raft ; wliilo the conilitlon of ilic keel, iho nharp part 
of tilie lloor, and llio gripe aiid dead wood (or liuc parts of the ends) is analo- 
gous to that of tlio hoard Jloaiing edgewise, so ihfii- the ship is under the 
action of two conilicting sets of forces— gravity, centrifugal force, and 
prossuro (cousiiiuting what inay])c called stiiliicss), i ending to make her 
roll with tho waves, like t]u‘ rail ; and tlio action of the water on the keel 
and sharp parts of the hull, wluMi may he. called M-irstsfumY, tcnuling to 
make her roll against lln^ wavt'S, likt‘ the hoard, and he.nce that she will take 
some kind of interiiK'diato niotiun. 

It lias been pointed out, however, ]»y Froude and Professor Rankiue'^ 
that there is an essontial dislineiion between tho t wo sets of forces ])eforo 
meniioiicd, in consequence of which, though c<»nflicting, they are not directly 
ojiposcd — namely, that the stiffness is an active forc(% which tends not only 
to prevent tho ship from dcviai.ing from a position upright, to the eifective 
•wavc-surfacc, bni. t o restore her to t.liai position after slu^ lias left, it , with a force 
increasing with tho deviation ; wiiilo the keel-resishme.e is nic^rely a passive 
force, opposing tho deviation of the ship from the ])osii-iou of the originally 
vertical columns of water, with a force de])eii<rmg, not on that dcAiaiion, but 
on tho velocity of the relative motion of the ship and tho particles of water, 
and not lending t.o restore ibc .slup io any deiinito ])osition. Henoo those 
two kinds of force cannot directly count craH, hut only modify ono another. 

For tho mathematical investigation of tho action of those forces refenmeo 
must bo made to tho origiruil ])apers in tho ‘ Transactions of tlie Instiintion 
of Naval Arcliitccis/ Th(^ following arc tho general coudusions : — 

Tho permanent rolling of a ship of very great stabiht y, and without any 
Ronsiblo kcel-resist.ance, ivS governed l)y tho motion of tho effective wave- 
surfaco, so that sho rolls the wrwes or like a raft. 

When the ixniocl of unresisted x’olling of the vessel is io the vravo-period 
as V2 ; 1, the ponnanont rolling is wliolly governed by the motion of the 
originally vortical columns of water ; so that she rolls af/alnst the waves^ like 
a board of no stability floating edg( aviso. 

In both of tho preceding cases tho vessel is upright when tho trough or 
crest of a wave passes her, and her angle of heel is cqxtul to tho Bteopesi slope 
of the effective wnvc-smface. 

li\hon the pcnlod of unresisted rolling of the vessel is less than the ahovo 
value, her upright, positions occur hrfore the arrival of tho troughs and erest-s 
of the waves, and luu* angle of heel is (jrmter t-lmn t-ho Hteepcsi slope of the 
offeci-i VO wuivo-s uri act^ . 

The greatest, angle of heel iu permanent rolling occurs when the ]ieriod of 
TinrcsiHf.(^d rolling of the ship is eqmd to that of the waves, and it exceiMls tln^ 
slope of ilu) waves iti a lU’opoxiion which is tho greater the less the keol- 
rosistancii, and hecomes iiifiuitc when tho keol-rcsistance vaniHh<‘.B. ^ihus 
isochronism wdth the waives is tho worst quality that a ship can have ns 
regards steadiness and saf<‘ty. 

When tho period of unresisted rolling of the vosstd exceeds that, of tho 
waves in a greater ratio than that of ^2: 1,'hor iqmight ])o.siiionB occur 
after iho arrival of the troughs and crcsi.s of the waves, and lier angle of 
heel is loss than tho steepest slope of tho waves. 

The forced or passive oscillations of ships arc those which produce the 
' most severe strains, because of their continual recurxuncc, tlu^ free oscilla- 
tions being gradually extinguished by tho resistance of the w^ater. It 


* Tmns. I. N. A. for 18C3-Ch 
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aj^poars, however; that the periodic time of the free oscillations has an im- 
portant influence on the extent of the forced oscillations, especially in roll- 
ing, the most xinfavourable proportions for the periodic time of free rolling 
to that of passive rolling being those which lie near equality, and between 
equality and ^2 : 1 ; for the equality of these periods tends to produce an 
excess of rolling to which it xvould bo diflflcult to fix a limit, and the ratio 
of v^2 : 1, and those near it, make the ship roll against the waves, thus 
throwing her into positions in which there is a risk of the wave-crests 
breaking into her. 

A period of free rolling much less than that of passive rolling gives great 
stiffness, and makes the ship accompany the motions of the effective wave- 
surface, A period of free rolling exceeding times that of passive rolling 
is favourable to steadiness, provided that this lengthened period be produced 
by the inertia of the ship, and not by insufficiont statical stability. 

The action of the water on a deep keel, on a sharp floor, or on fine ends 
below water tends to moderate the extent of rolhng produced by coinci- 
dence, whether exact or approximate, of the periods of free and passive roll- 
ing ; but at the same time it lessons the effect of a long period of free rolling 
in producing the same result. 

A deep draught of water is favourable, on the w-holc, to steadiness, but not 
to stiffness. 

Should the centre of gravity rise and fall relatively to the water in rolling, 
and the periodic time of the dij^ixing motion so generated happen to be either 
exactly or nearly one half of that of the passive rolling, the result will bo 
uneasy motion. 

The steady pressure of the wind on the sails promotes steadiness, at a 
certain angle of hcol depending on the moment of that pressure ; the sudden 
gusts of the wind produce lurching. 

As to jpitching^ Bcmding, and yeming, it is chiefly important that, for the 
sake of dryness and safety, those oscillations should bo performed in a lively 
manner among waves ; and that object is best promoted by keeping the 
longitudinal radius of gyration short, as compared with the length of the 
ship — that is, by taking care not to place heavy weights in her ends. 

The true principles of a ship’s rolling among xvaves and their leading 
consequences were first set forth by Mr. Froude, in a scries of papers in -the 
Transactions of the Institution of Naval Architects,’ in 18G1, 1862, and 
1 SG3. Mr. T’roudo appears to have been tho first to state the iwoposition 
that tho tendency of the ship to roll among "waves is primarily due to her 
tendency to keep upright to the oficctivo wave-surface, and that the force 
•which induces this tendency is very approximately the same as her stiff’- 
ness or resistance to heeling iu still "water. Tho disposition of a ship to 
follow the average motion of tho portion of tho wave which she displaces is, 
however, controlled (tis has been pointed out by Mr. CrosslancI) by tho 
circumstanccB that tho wave-water is continually undergoing a deformation 
of which the ship’s hull is not susceptible. Mr. Froudo has also shown 
that if two plates bo hinged together, so that, when in still water, they 
would fioat at an inclination of 45° to tho vertical, and if the hinge bo pa- 
rallel to .the wave-crest, tho effect of the wave-motion is simply to open or 
close tho angle between them, and not to alter (sensibly) the horizontal and 
vertical lines which bisect the angle externally and internally. 

As there is nothing to show that tho rigidity of the angle between the 


See Trans, I. N. A. vol, vi. for 1865, p. 181, 
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plates would tend to malio any marked alteration in tlio invariability of 
direction of the bisectors, the tlioovotical establishment of this fiiet is of 
great importance. Its meaning is that the cflbct of bilgc-kcels is to inc'rease 
tho time, and, in a greater degToe still, to dimiriisli the ntn])lilii(lo of the 
oscillation, and that the nso of bilge-keels is tho direct mode of eilccting 
this object. 

Tho problem of safe rollhig is not quite the same %Yith iliat of easy 
rolling, A roll towards tho wave-crest is widl known as one of tln^ most 
dangerous tlungs that can hapxxni to a shix) in a liigli-crcstod st‘a-way, for 
tho whole crest of the wave may then break inboard. Mven wdum the ship 
follows tho oscillations of the vertical lines, the wave-X)ariicles come liat on 
tho ship’s bulwarks and side. If she tloats quite ver ileal ly she is still in tho 
position of a cliff resisting a wave of the same period, whose height is tho 
difference of heights of tho surfacc-wavo and of the mean effective wave 
acting upon her. 

As regards the impact of a wnavc, tho most violent blow" that a wuvo can 
give is against a surface parallel to the intlexional tangent and to the wave- 
crest, and at a level with the line of inflo.vion. Tho motion of the ])ariichis 
is then normal to tho W'aA^o-snrfacc. Q'his remark, of course, do(‘.s not apjdy 
to shore-waves. 

Throughout tho discussion of tlm ship's oscillation among waives, it has 
been tacitly assumed that tho wave-period iiseli might ho regarded as con- 
stant. This is very far from cither representing the facts or the practical 
problem of tho shiphuildor. Tho wuve wiiich a vessel has to imeounter may 
bo anything, from llio L]-s<‘coiids w'ave, d(K) feet long, to a mere ripple. 
Practically, a vessel wull not roll to waves w'hoso length is inu(ih less than 
her breadth, nor will slio pitch much among short waives. Put, disnilsHiug 
those from consideration, it may still bo impossible to avoid some contin- 
gency in which a ship’s period of free rolling may be equal to the ivavcs 
poriod. Obviously, the remedy in this case is for her commnndm' not to 
keep her hroadsicU-on, As a rule, no commander ever wuuld do so in a 
dangerous sea-way ; and even where comfort only is concerned, it is usually 
o|)on to him either to shorten tho effective (that is to say, the ttpparmt 
wave-period) by putting her head a little to tho swadl, or to lengthen the 
apparent w'-avo-period by putting her head a littlo off. He mm do one of 
those things if ho moots with actual and exact synchronisTn in anytliing like 
heavy weather. 

As a practical matter, Proff^ssor Eanidne romaiks : It wMubl ap})ear 
that a very close apxu’oxiniation to the form and prop()i'ti(ms wdiicdi iiro 
most favourable to steadiness bus, in some cases, been realized by prn<!tu‘ul 
trials alone, and that inde]>endently of tho steadying action of 'Hails; fur 
there are vosacds ivliich, -when under steam alone, in any nualeiutijs swell 
keep their decks very nearly parallel to tho horizon. It is of great im- 
portance that tho linos and dimemsions, and distribution of tin? ’w tights oi* 
shi]}s, which have been found by cxxmrienco to possess this cxeelhait quuliiv, 
should be carefully recorded for the information of naval arcliiiecis. 

On tho other hand, there are vessels (especially scroiv-sie.'imtsrs) wditme 
ordinary extent of roUing each way is from three to four times Urn Bhm of 
tho wavea/^ ^ 


On the subject ofWavos, wo refer to tho following papers and treatises 
Weber, ‘ Wellonlohre.’ 


Airy, On Tides and Waves,” Encyol. Motropolitana 
separate form). 


(reprinted in a 
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Scott Eussoll, Ecport to Britisli Association for 1844. Also. ‘Modern 
Naval Architecture.’ 

Stokes, < Cambridge Transactions,’ 1842 and 1850. 

Earnshaw, ‘ Cambridge Transactions,’ 1845. 

Proiido, ‘Transactions of the Institution of Naval Architects,’ 1862, 
p. 48, and (incidentally) in his papers “On Bolling.” Also, “ Bomarks on 
the Differential Wave in a Btratilicd Pluid,” Trans. I. N. A. vol iv for 
18G3, p. 216. 

Bankino, ‘Philosophical Transactions'/ for 1863; ‘Phil. Mag.,’ Nov. 1864; 
‘Proceedings of the Boyal Society,’ 1868; also, ‘Shipbuilding; Theore- 
tical and Practical.’ 

Cialdi, ‘ Sul Moto ondoso del Mare.’ 

Caligny, papers in Liouville’s Journal, 1866. 

T. Stevenson, ‘ On Harbours.’ 

With regard to the rolling of ships in wave-water, wo believe that almost 
the only exact investigations are to bo found in the ‘ Transactions of the 
Institution of Naval Architects,’ some of which have been reproduced in 
‘ Shipbuilding : Theoretical and Practical,’ and reprinted in the ‘ Engineer ’ 
and in ‘ Engineering.’ They are as follows : — 

Proudo, “ On the Bolling of Shiiis,” vol. ii. for 1861, p. 180, with Ap- 
pendices, vol. iii. pp, 45 & 48. 

Woolley, “ On the Bolling of Ships,” vol. iii. for 1864, p. 1, 

Crossland, “ On Mr. Proudo’s Theory of Bolling,” vol. iii. p. 7. 

Bankine, on the same, vol. iii. p. 22 ; “ On the Comparative Straining 
Action of different kinds of Vertical Oscillations upon a Ship,” vol. iv. for 

1863, p. 205. 

Scott Bussell, “ On iho Bolling of Shijis,” vol. iv. p. 219. 

Proude, ‘‘ Bemarks on Mr. Scott BnssoU’s Paper,” vol. iv. p. 232. 

Scott Bussell, rejoinder, vol. iv. p. 276. 

Woolley, Mom. on same subject, vol. iv. p. 284. 

Bankino, “ On the Action of Waves upon a Ship’s Bool,” vol, v. for 

1864, p. 20. “ On the Uneasy Bolling of Ships,” vol. v. p. 38. 

Lamport, “ On the Problem of a Shixi’s Porm,” vol. vi. for 1865, p. 101. 
Proude, “ On the Practical Limits of the Bolling of a Ship in a Sea-way,” 

vol. vi. p. 175. 

Bccd, “ Ou the Stability of Monitors under Canvas,” vol. ix. for 1868, 
X>. 198. 

An abstract of the leading princixdos will be found, as already stated, in 
‘ Shipbuilding : Theoretical and Practical,’ edited by Mr. Bankino. 

Some valuable practical observations on the rolling of ships in waves will 
also bo found in a ])ainphIot 5 ‘ Du Boulis,’ by Cajitain Mottez, of the 
Pronch Imperial Navy. 

Mcemi^rement of Waves at Sea, 

This is a thing which has seldom been done with any degree of accuracy. 
Not only is the vessel moving, hut the apparent direction of gravity is not 
the true one. The result is, that the difference of direction between the 
tangents to two waves from a point a little behind the sxicetator is generally 
taken for the axDparent angular height. This may evidently bo far in excess 
of the true apparent height 

* See Mx\ Kankino’a “ Bomarks,” Trans, I, N. A. vol. iii. p. S7. 
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Admiral Paris has invented a self-recording iiiHtrmncnt for tlio purpose 
of measuring both tho heigld and form of waves. A description of this will 
be found in the Trans. L N. A. voL viii. JSdT, p. It is unlur-. 

tiinately a dilfercntiul ins! rumen t, without any means of getting a good 
duiiun lino. It appears to bo much better adapted for getting apjit’oxnnute 
profiles of cc)mpU‘x wav('M than for obtaining ucenrato ineusureiiHuitH of 
simple ones. 

ObHcrvaiions on the lengths of waves ])rcHeui much b'ss ditlieuliy; a 
float, sunk so as not to catch tho wind (sneh ns a bottle), and obst’rvf’d from 
a considerable lu'ight, will give the periodic time Avitli a fair degree of ne- 
curncjy, and the Imigth may bo inferred from tho ])eriod. 

General observations upon waves are not in point. The objeef in the 
pro-icnt caso is to ascertain -what the particular waves are in which the 
ship’s rolling is being observed, 

Measumnent of Ikllhu/. 

It is very well known that a pmiduluni at sea does not give a v<*rt i<'al 
line, but a direction duo to the joint (dlect of gravity, of its itwn oseii- 
laiion, and of the forced oscillation due to the motion of its point of sus- 
pension, A susjK'mb'd clinometer is thus pcTtVelly ustdess for this ]mrpose. 
jbiroineters, euddy-hunps, and chandeliers generally oseill(d<' through larger 
angles than the sin*]). 

Mr. Tronde (Trans. I. 1N\ A. for p. -n) suggests •svatelung dm 

rnttlins of tlui rigging corao down t.o the Imri/.on, as a ready and fairly 
c irroct way of measuring tho roll. I’lm imdion of the nuist-lnauls rela- 
livcly to tho stars may be used in the same "way. 

M. I^ormand, jim., of Havre, has invented a very iiigonious idimmieter 
suspended on gymbals, like a chronoinoter, in such away as to bo as UdU^ 
as possible influenced by tho ship’s motion t* Vc do not consider that miy 
instrument depending upon gra%ifcatiou, is to bo relied upon at sea, and 
we have been informed that M. Normand lumsclf is not cpiitc mtisfied with 
his instrument. 

Apart from observations depending on tho stars, or actual soa*lmrii^on, 
the only instrument that can be relied upon as giving an invariable plane is 
of iho gyroscope class, A modification of Foucault’s gyroscope was tried in 
tho North Boa in 1850, by Professor 0. Piazzi Bmyth, who gave an account 
of tho instrument and its perlbrmanco in iho Trans, L N. A. for ,1Sd:i, 

p. 118, 

An instrument upon ilio same rutatoi^ principle, ])ut self-recording, luts 
boon invented by Admiral Paris, Ilydrograplicr of tho .Fj-ciich Impeihd 
Navy, It oonsistB of a spinning top, with, its point of sup])ort ribovo Uh 
centre of gravity. It spins in an agate cup, and tho top of the spiiidlo 
carries a camers-hair pencil which marks a paper band, driven by (do(*k- 
work, and passing through bent guides so as to keep close to iho piuudl. 
It is described, and some of its curves copied, in the Trans. I. N. A. 
voL viii. for 1867. 

"What those mstrunaonts really give is tho deviation from an undeter- 
mined direction. They therefore give the time of rolling or intching, ajid of 
any intermediate oscillation of a periodic character, and tho ampliiudo of 

^ Although very desirable for other reasons. 

t See Trans, I, N. A, for 1866, p. 187. 
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deviation from the mean lino ; but they evidently would not disclose any 
steady inclination to which the rollin<? might be superadded. 

Tho gyroscopo or top Mull, of course, have its own proper oscillatory revo- 
lution, which, hovrever, soon spins out, on the same principle that a peg-top 

sleeps.” 

On tho Mdiolo, there does not seem to bo much room for iinprovcinont iu 
Admiral Paris’s instrument, unless, perhaps, in diminishing tho atmosj)heiic 
resistance. Possibly also jirovision might bo miide for adjusting the point of 
support to tho centre of graviiy. 

'Recommendation of E.vjyenments on Rolling. 

The mathematical theory hf rolling is very far from easy, and leads to equa- 
tions of which there is no known solution. Tho time of a common pendulum, 
for instance, depends upon an elliptic integral, and, beyond tho degree of 
complexity involved in such a function, mathematics arc in tho condition of 
uncleared ground. Accordingly, while it is possible to give a rational 
account of tho immediate gross results of a compound oscillation, these 
results cannot bo expressed or measured Muth tho requisite combination of 
generality and accurac^u In order to treat them, wo aro obliged to intro- 
duce simplifying suppositions, Mhich do not necessarily belong to our pro- 
blem — as, for instance, isochronism, or tho neglect of certain elements of 
resistance, or tho grouping of others. 

Now, when this occurs with any branch of practical knowledge, tho proper 
mode of applyiiig mathematical investigation is to start, not from tho known 
principles of general mechanics, but from an advanced base of observations 
peculiar to tho science itself. In hydrodynamics, between minuteness and 
number, tho ultimate molecular unit escapes our notice, and we are only 
able to observe oifeots in the gross ; being thereby driven to a certain want 
of detail, both of observation and of reasoning, vdiich allows us to trust our 
conclusions only when they have been made to rest on a broad experimental 
foundation. '\Vbother wo regard tlio theory of tho propulsion of ships, or 
that of their rolling, our analysis has assuredly been pushed quite to the 
extreme verge to which general reasoning can be trusted ; and a largely in- 
creased extent of exact observation ought to precede further attempts at 
inductive reasoning on ihese subjects. SVo have many exact experiments on 
propulsion, althougli, from tho complicated character of the phonomona in- 
volved, it is difficult to separate the issues ; and this will ])robably not be set 
right without farther s])ocial investigation. With regard to rolling, 
evor, wo have much Viiguo observation, and but littlo exact knowledge de- 
rived from oxpcriniont. 

Wo are not aware of any one published experimont on tho rolling of Bhi])s 
iu waves in which the deiiiils necessary i.o make any mathematical use of 
the results arc supplied, Tho data required arc, as a minimum for each 
case, — 

1. A draught of tho ship, and her calculated elements. 

2. Tho position of her centre of graviiy, 

3. Her periodic time in still water. 

4. Tho condition of her wot surface. 

5. The extent and period of her roll. 

6. 'Was tho rolling simple, or mixed with pitching ? 

7. Tho height, length, and period of tho waves in Nvlxich she was rolling, 

8. Wore those waves simple ? 

9. What alterations have boon made in her displacomont, her trim, and 
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the position of lier freights, as regards boili centre of gravity and moment of 
inertia, previously to the trial ? 

10. Porco and direction of wind, and condition ot ship as regards re- 
sistance to it. 

11. 'Full doi.'iils ns to niaiimn' in ndiich, and tln^ inslrumenis or calcula- 
tions by Avbich, tlu'S(‘, data, have Iumui iis<a‘rtuined. 

There is no dou]»i that for a. coinpre]ieiisiv<‘. view of’ ilie siihjtal-, it woTild 
1)0 juaKiSsary tha,i these things should lu'. as(3eria,ine{] with (uire fur a. largo 
nuniher of shi[)s, of various cl.assos, a.nd inuler very varied ('/onditions. Jiui 
this is too miudi to expcKjt to get done, althongli W(i lliinh it, would lie a 
good thing for the Government, and ot,lier largo slii])u\vncrs, to ket'p in view 
as an ultimate ohject. !Mcanwhilc we think it would bo a very great ex])e- 
rimental aid to science if these things could bo accurately settled for even 
two or three ships, under different circumstances of Aveatlu'r and ditibvent 
aiTangomonts of weight, ]>oth in amount and dislrilmlion. 

Similar experiments should also be made with refereiua? to i)itching. 

The trials should be made with sails fiu*l(‘d, and as lillle disturhauca* from 
headway as possible. Wo linvc cveiy wish to have pariilbd experiments 
tried under any possible conditions of sail and propulsion, and, if it may be 
done, on tho samo ships, consecutively with the simpler experiments ; hni it 
will bo seen that tlic data arc already sufficiently com])lex at tho best, and 
that ilioy must ho used clear of headway and leeway before they can bo 
disfai.ssod with reference to ilu'se. 

ITo experiments are of use for the purpose of inductive^ reasoning in whic,h 
any one of the data mentioned a, hove arc wa,nting. 

Wc think ihat the Qovawnnient might fairly bo asked to iustituie such a 
set of calculations and experiments. We cannot find that the exiict infor- 
mation which wo have suggested is in existence anywhere. We nro certain 
that it has not been published in any available form ; and wo have reason to 
believe that the knowledge is quite as much needed and desired by the 
gentlemen responsible for the construction of the navy as by mercluint 
builders or by stiidenta of theory. 

Wo thoroforo recommend that the deputation previously motiiioncd with 
reference to the oxporimonts on resistance bo also instructed to tnge upon 
tho Admiralty tho importance, both practical and ihcoretioul, of instituting 
such a set of cxporiinonis, of providing Huitable instruments for recording 
exact observations, and of publishing tho rosults. Wo also rocomim aid Um 
appointment by tho Council of the Association of a conuniitc^c of (/(nr mrm- 
bors to confer with tho officers of the Admiralty as to the dinwing u]) of 
detailed instructions for coiidiKding tiioso exp<a’imcnlH ; uiul ihat, the Lords 
of the Admira-liy, in tho event of their asstmiing to tli(3 ju’ojjohjiIm, ]»<* 
requested to nominaio a committee to confer with iho (^onnnitloe nunu/d by 
tho Association. 

In conclusion, we bog leave to recommend ibat this llcport bo officially 
coinraunioatod to tho Cotincils of the Institution of Navjil Architects, iho 
Institution of Civil Engineers, and the Institution of Engineers in Hcotland, 
' and the cooperation of those bodies sought, both in {qiphing i,o th(^ Govtaai- 
ment and in making known among shipbuilders, and "oilua* pet’sons con- 
nected with Kaval Architecture, as well what is tho states of pur existing 
knowledge as what are tho immediate desiderata for its extension. 

Chahles W. IIebbieield. W. J. MAcemonx IUkkike. 

Geoeoe P. Biddeii, W. FEOirnE (suhjeH to the f oh 

BottoiiAs lowinfj ewjplanuiwnB)^^ 
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Mr. Froxide^s Explanations, 

The subject of a ship’s rosistaiico is one %vhich I have for many years been 
independently investigating, both theoretically and experimentally; and I 
have been thus led to conclusions -which are in very material respects at 
variance with those which Mr, Mcrrificld has placed on record for the Com- 
mittee as representing the existing state of knowledge respecting it, and 
specially at variance wdth the consequent recommendations which ho has 
drawn up, as indicating the experiments for the performance of which the 
assistance of Her M?iicsty’s Government is to be sought : I thus find myself 
somewhat abruptly placed in a position in which I must ask permission to 
present, as part of our proceedings, a supplementary report explaining the 
reasons which oblige me to dissent from the recommendations to which I 
refer. Until the Draft Boport was in my hands, I was unaware that Bc- 
sistance’' was regarded as included in the list of subjects submitted to the 
Committee; for I understood the terms ‘^Stability” and Sea-going quali- 
ties” as having reference to the theory of ‘^Bolling motion,” and ^^Propul- 
sion” to the theory of the Action of Propellers. The subject of Besistanco 
appeared to belong already to the “ Steamship Performance Committee.” 

Lot me say at the outset that Mr. Merrifield’s very full discussion of this 
subject appears to me to set forth most lucidly what must bo called the 
existing state of knowledge” respecting it ; it has evidently involved much 
laborious research and deep consideration. 

And, on the other hand, the results at which I have arrived are in many 
respects so far from complete that I have hitherto hesitated to bring them 
before the public. But I believe I have so fully established those conclusions, 
to which I shall now refer, and the difference in the line of action to which 
they point is eo serious that, under the present circumstances, I feel bound 
to press them on the notice of the Committee. 

The Beport specially recommends, as the experiment which it is important 
to try, the dynamometric determination of the scale of resistances for a 
full-sized ship. 

Now, without impugning, or rather, while fully assorting that any scale of 
resistance, in terms of velocity, accurately determined for a full-sized ship, 
would be of real value and of groat interest, I shall nevertheless contend (1) 
that experiments on the resistances of models of rational size, wdion ration- 
ally dealt with, by no means deserve the mistrust -with which they are usually 
regarded, but, on the contrary, can bo relied on as truly representing the 
rosistancos of the ships of wliicli they aro Ihc models ; and (2) that in order 
prop<udy to open up the question, so great a variety of forms ought to bo 
tried that it would bo impossible, alike on tins score of time and expenditure, 
to perform the cxi>orinienls with fuli-siziHl ships. Both these propositions 
require to bo drawn out at Bomo length. Tlio kindred proposition, that as 
accurate results enn bo obtained far more easily and rapidly in oxponmenting 
with a model than with a. ship, though of great im])ortanco, is so obviously 
true as to require no olucidafion. 

The natural expectation that tho ascertained resistance of a model will 
furnish a measure of tho resistance of a ship similar to tho model, depends 
on tho primd fade probability that the resistance for a given body will vary 
ns tho square of its velocity; and that in comparing similar bodies of different 
dimension at a given vtdocity, the resistance will bo as the square of the 
dimension, since tlxat function expresses alike tho proportion of the respec- 
tive midship sections and of the respeotivo friction-bearing surfaooSf Were 
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these propositions true, the ascertained resistance of a models at given velo- 
city, would supply a complete scale of resist ance for all velocities, botli for 
the model and for any ship similar to the tnodoL 

Since, however, the resistance of a model or ship deviates from the law of 
the square of tho velocity, as under certain ciroumsiantJos it is known to 
do, in a manner dependent on its actual dimensions, it is ohviouH tlmt 
tho simple scale of comparison, which seemed prhndfucic prohabh^, can be no 
longer accepted, iind it has heiico boon hastily concluded that no assignable 
scale of comparison can bo found instead. 

Now it appears to mo to be pretty well established, and it is acarcidy 
questioned, that, for deeply submerged bodies of tolerable siiso and fair shape, 
tho resistance does follow the law of the squares witii a liigli dt^grec of 
approximation. Such deviations from this law as appear in Bcaufoy’s (‘xpe- 
rimoiits are, I think, explicable by tbo angularity of the shapes tried and by 
tho mode of trjdng the experiments, under 'which tlio considerable distance 
between tho bodies tried and tho conducting boat by which they w'cre carried 
involved some deviation of tho body from true axial motion, wdum ihe velocity 
and tho consequent rcsistanco became considcraldo. 

That surface-friction, in particular, Tollows tho law of tlio S(pniros of tho 
velocity very closely, is well established by tho experience of the llo'W of 
water through pipes, in reference to which, 1 may observe, I luivo myself 
experimentally verified on a five-mile length of 9-inch pi])C, ilio law that tlio 
delivery is almost exactly as tho square root of tho steepness of the hydraulic 
gradient. Tho experiments ■were tned with very great. varialiouH in the stcH'p- 
noss*. Now Professor llaukine’s admirable Btreaui-line investigations havo 
definitely established tho conclusion that for synimei ricfdly shaped bodies of 
“fair” lines, not excluding by that description certain very blunt-ondod 
ovals, when wholly submerged, Uio entire resistance depends on the conditions 
of imperfect fluidity, of which surface-friction is the only one so considerable 
that wo need take account of if wo deal with bodies of rational dimen- 
sions ; and this, as I have pointed out, docs follow the law of the squares. 
I sot aside the condition of ” viscosity for though this dofoci, even as it 
exists in water, is certainly sufdciont to afieot dilTorontly tho resistances of 
bodies of different dimensions, this is not sensibly tho case unless tho bodies 
are very minute ; and having regard to tho great vitality of suck small sur- 
faco-waves as (say) one foot in length, and to tho fact that discharge of water 
through pipes and orifices exhibits no results indicative of this special action, 
unless tho diameters are very small indeed, it seems extremely imprububk^ 
that the resistances of bodies five or six feet in length will lie fiifiHUod by it. 
If, thoroforo, wo were doaUng with submerged bodies, wm should Imvi^ no 
reason to mistrust tho fade deductions founded on experimtuits with 
models. 

When, however, wo deal with a body moving at the surface, wm at once 
meot with a ve^-a causa, which alters those simple relations tliat (^xisi be- 
tween the resistances of differently dimensioned submerged bodies. Tlik 
vem musa is tho generation of surface-waves, which accompanies the iratisit 
of the body along the surface ; and it is, I believe, not merely the only 
known cause, but a sufficient one, 

^What absolute conformation and magnitude of waves a given vessel moving 
with a given velocity may create, and what excess of resistance may tlms bo 

* Though I regard these experiments as sufficiently conclusive in reforcnco to the point 
to which they wore directed, I am inclined to think that the theory of surface-friction in 
its application to a ship’s resistance requires considerable revision. 
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developed in any individual instance, it is not necessary for the present pur- 
pose to determine j for it will appear that, whatever the excess may he, how- 
ever abnormally, in virtue of it, the law of resistance for any given ship may 
vary in terms of her velocity, a very simple scale of comparison will express 
the relation between the excess as developed in a model and as developed in 
a ship similar to the model when moving at a corresponding velocity. I 
shall show, in fact, that if the velocities of the ship and the model arc as the 
square roots, these excesses of resistance thus arising will be as the cubes of 
their respective dimensions, a law which, as is easily seen, expresses also the 
relation founded on those elements of resistance which vary as the square of 
the velocity and as the squares of the respective dimensions. 

The principles on which Professor Eankine’s stream-line investigations are 
founded establish generally, in relation to all wholly submerged symmetrical 
bodies moving in a fluid inflnitely extended on all sides, that the stream-hue 
displacements which the motion of the body imposes on the surrounding 
volumes of fluid are, for a given body, identical in configuration for all velo- 
cities (an identity which assigns to them always a velocity proportional to 
that of the body itself), and that the configuration is similar for all similar 
bodies. 

If wo now suppose that the body is moving along the surface of the fluid, 
and if wo imagine the surface to bo not under the influence of gravity or any 
such force, it is obvious that here also the configurations of the stream-line 
displacements will bo identical at all velocities for the same body, and will be 
similar for similar bodies, including those displacements which consist of 
upward disturbances of the surface. 

When wo impose the further condition appropriate to an existing water-sur- 
faCo, that the replacements of the surface, when disturbed, are governed jointly 
by gravity and by the volumes and velocities of the original impulses of dis- 
turbance, it follows that those impulses of disturbance, being similar for all 
similar bodies at all velocities, wDl retain their similarity wherever and in 
the manner which the operation of gravity permits : and this will be when 
the similar bodies arc moved with velocities proportioned to the square roots 
of their respective dimensions ; in these a similar wave-configuration will, 
in each case, similarly dispose of the originally similar volume of displace- 
ment, since similar ^vaves have their velocities so related. 

These waves (as is explained by Professor Rankine), when the velocity 
proper to their length along the lino of motion is exceeded by that of the 
ship, so that they cannot squarely travel with her, satisfy the conditions of 
their motion by travelling obliquely, and diverging into the surrounding 
fluid, tho angle of divergence and their size forming a measure of the work 
constantly running away from tho ship, and consequently of tho resistance 
caused by their generation. 

Now tho similarity of the configuration which has been asserted involves 
the condition that when tho velocities of similar ships are as the square roots 
of their respective dimensions, the angles of divergence will be equal, and 
therefore equal lengths of similar wave-crest will be '^rnn for equal 
distances travelled % tho respective ships ; and hence the energy abstracted 
in each case by’theso equal lengths of similar wave-crest is clearly as the cube 
of the dimension (since tho mass elevated is as the sectional area, and the 
elevation is simply as the dimension); and since the forces which supply 
proportionate amounts of energy while travelling a given distance must 
be as tho energy, it follows that the excesses of resistance thus called into 
existence arc also as tho cube of the dimension, agreeing in this respect, as 
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lias already been pointed out, with the rcsistanccvs derived from the {snrfiiec- 
IViciion. Ill fact, wo are tlius lirought to the scale of compaiisou wliicli wus 
just now enunciated, that the entire resistances of a ship, and similar model, 
are as the cuhes of their respective dimensions^ if their velocities are a,s the 
S(|uaro roots of their dimmisions. 

In verilicaiicai and illustration of the foregoiiii): vii^ws, 1 IriiHl, in the 
autuiim of 1S{)7. a largo numhor of resistancc-exporinuaiis with a. pair of 
models of contrasted forms, six feet loiig\ hy towing* them Himuliaiieoiisly 
from ilu‘. ends of a jiuii* of ten -foot scale- Loams eoiim'elcd with sell'-reeording 
dynamometric ap])ai’atus, and mounted on booms pi’ojectiiig sideways from the 
nose of a steam- lanucli, lent me for the ]>urposc by Mr. bidder. The water- 
lines of the models arc shown in Plato 1. iig. 1. One was (»f the wave-lino 
type, the other, having the same length, form of midslii])- section, and dis- 
placement, had largo ronndod ends. 1 also tried similar experiments with a 
pair of very nearly similar models of twice the dimensions and eight times iho 
displacement* 1 had already obtained a series of oxjieriimiutal results of tiio 
same kind, but with less successful ap])aratus, from a, similar ]>air of mudels, 
three feet long. Tliesc data enabled mo to compile for each model a dia- 
gram of resistance in terms of velocity. 

The three pairs of sucli diagrams, proper to iho thns' ’jniirs of modi'ls, were 
laid down to scales corresjionding to the dimensions of the models, according 
to the system of comparison I have emmeiated; thus the veloeity-stialc for 
the six-foot models is times, and that for the tlirce-foot nuuhds twice 
as open as that for the twelve-foot models; and the resistunce-scales ior the 
six-foot and ihreo-foot are resjicctively 8 and 0-1 iinu^s as open m that for 
the twelve- foot. According to ray proposition, were tho three sets of models 
exactly similar the three sots of diagrams should be idcntJcal. 

Boduced copies of those diagr/uns are shown in riaio 1. figs. 2, 3, 4. 
Their general agreement, especially a.s to tho position occupied in the velo- 
city-scale by tho several salient features of tho curves and as to the relative 
resistances of tho contrasted forms, is very striking. It is true that on com- 
paring tho absolute resistances, tbo correspondence is not so close as it at 
first sight appears. Thus tho throe-foot models exhibit throughout a 
decided excess of resistance as compared with tho six-foot ; but I think this 
is probably attributable to their biatig small enough to bo within iho rmigo 
of viscosity. On comparing iho diagrumB of tho twelve-foot nnd six-foot 
models, however, wo find that it is the larger model that luivS an excoss of 
resistance. Tliis oxeess, which is slight, may bo partly due to certain 
minor diiforoiices of form which hud been introduced in tho larg(*r modelH, 
It may also have partly ariscu from the fact that the iwolve-ibut modtls, 
owing to their greater dimensions, swam relatively nearer to tho iowuig- 
boat, a circunislance which may naturally have tended to onlumco their 
resistances. 

On tho whole, I think that scries of diagrams supplies a Yvvy fair veri- 
fication of tho alleged scale of comparison. 

Besides thus throwing light on tho question of comparison of the ))cr- 
formanco of similar vossola of ditoent dimensions, these cxperhmmts show 
very clearly that strange forms may possess merits that are entirely un- 
known and unexpected befox’o experiment is made upon them ; for hero wo 
find that an abnormal form (suggested simply by the appoaranco of water- 
birds when swimming), if moving with a high though not excessive ve- 
loeity, experiences considerably loss resistance than tho wave-lino form, the 
accredited representative of the form of least resistance, particularly at high 
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speeds. This proves that wo can have no ground for certainty that we have 
found even an approximation to the host form, unless wo have gone expori- 
mentally over almost the whole ground and tested a vory wide variety of 
shape. Uut, independently of this aspect of the question, it is, I think, cer- 
tain that on very many .important questions, such as, for instance, the proper 
ratio of length to breadth, there is no really established principle of judg- 
ment on which relitince can bo placed. Yet most weighty considerations 
atfocting economy and efficiency arc involved in the settlement of even that 
single question. But unless wo build more experimental ship-sized models, 
there seems no possibility of determining the question by full-scale expe- 
riments. 

- It is true that the circumstances under which my experiments were 
tried did not admit of such exactness as to render them absolutely conclu- 
sive as the solo basis of the theory of comparative resistance in terms of 
dimension. Kor do I by any means pretend to bo certain that there are 
no elements of resistance other than I have taken account of in my theoretical 
justification of it; but if any such do exist, they can be detected, and the 
laws of their operation discovered with far greater facility and eomplotcnoss 
by small-scale than by full-size experiments. And I contend that unless the 
reliability of small-scale experiments is cmpliaticahy disproved, it is useless 
to spend vast sums of money upon full-size trials, which, after all, may bo 
misdirected, unless the ground is thoroughly cleared beforehand by an ex- 
haustive investigation on small scale. 


Report of the Committee appointed to consider and report how far 
Coroners^ Inquisitions are satisfactory Tribunals for the Investiga- 
tion of Boiler Explosions^ and hoiv these T'rihunals may he im- 
proved, the Committee consisting of William Pairbairn, C.E., 
FJl.S., LL.D., Joseph Whitworth, C.E,, F,R,S., John Penn, 
C.E., F.R.S., John Hick, C,E,, M.P., Puederick J. Bramwell, 
C,E., Thomas Webster, Q.G., Hugh Mason, Samuel Eigby, 
William Kiciiardson, C.E., and E. Lavington Fletcher, CJE. 

X. Boiler explosions continue to occur with their accustomed frequency and 
Vitality. Since the Mooting of the British Association held last year in 
Korwich not loss tlian 40 explosions luive occurred, by which 78 persons 
have been killed, in addition to 114 others having been injured; and as 
those catastrophes take place wdih considerable regularity, there is every 
reason to apprehend that a similar number of explosions, causing the loss of 
a similar number of lives and a similar amount of bodily injury, will trans- 
pire before the next Mooting of the British Association, unless some very 
immediate measures arc adopted for arresting these sad disasters. 

The fearful explosion which occurred on the 9th of Juno last, at Bingley, 
by which as many as fifteen persons were Idllcd and thirty-three others in- 
jured, some of them very seriously, will bo fresh in the remembrance of 
every one ; more especially from the fact that amongst those killed and in- 
jured were a number of women, having no connexion whatever with the 
works at which the explosion occurred, as well as a number of little children. 
These children were exercising in an adjoining playground,, when just as 
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tlicy were passing close to tlie wall of a two-storiccl building on iho preniisos 
at which the explosion oecuiTcd, the boiler burst, demolishing the building, 
burying the children in iho ruins, and crushing eight of them to dt'ath, iu 
addition to seriously injuring seventeen others. 

Sad as it is when those conucnlcd with boilers and who gain tin dr liveli- 
hood from working tlumi are injured, it is even more m when oulsitli'vs, who 
hare no interest in th(‘ir use or eonkol (wor lh(‘ir uianagonuuit.an^ vieliiuiml 
by their ex]duHion, more especially when these victims art' wonnui and 
children. Such, however, is by no means an iiirrequtmi> ot'cnmnu'e. in one 
case, a child jisleop in its bed, unconscious of all dungt'r, was killed on the 
spot by a fragment of nn exploded boiler sent ihrmigh tJionud* like a thunder- 
bolt. In a second ease, a young woman working at; lu'r nei^dlo in nn upstairs 
room in her own dwelling, was struck by a boiler which was hurhsl from its 
seat, and dashed against the window at which she sat. The injury she received 
was serious ; her leg had io ho amputated, and dc'ath shortly nihu* (msued. In 
a third case, just as au infant was making its first assay at u'alking ar*rt)ss the 
Idtclien-lloor in a collier's cottage, a fragment of an ex])loded boiku* (‘Jimo crash- 
ing through the roof, and striking down tlio child, killed it on the. spot. In a 
fourth case, a wmman was standing at her own coilagt'-door with an infant in 
her arms, when one of iho bricks sent Hying by th<‘ bucstiiig of a boiler 
struck her litilo one on ihe head, and killed it in its molher's arms. In a 
filth case, a group of Imys wore sporting in a meadow, when the boihu' of a 
locomotive engine, just drawn up at nn adjoining railway-statifui, bursir, and 
scattering one of its fragments among the grouji, killed oneofibe boys on ilu* 
spot, and injured anoilnu'. Jn a sixth case, a house in which au infinii old 
woman lived, confined to licsr bi'd in au iipstnirs room, was demolislied by a 
boiler explosion, so that the poor woman, with the bed on winch she lay, was 
ruddy brought to the grouiul In a seventh case, a man passing tlirough a 
public thoroughfare on horseback was struck by iho debris sh<>w('r<‘d around 
by a boiler that happened to explode at iho mouu'nt; so that cv{m those 
casually passing by the prenimes at which steam-powc'r is employed are not 
safe from the attacks of had boilers. It is no uncommon thing for dwelling- 
houses in the vicinity of hoilors to be invaded on the occairrciuye of ini exjdo- 
sion with huge fragments, and to have their windows and roofs riddled ns if 
they had been bombarded, while iu some cases they aro altogether de- 
molished. Many otber cases similar to the above might bo added ; but tlu^ 
facts already given are, it is thought, stiflicient to show that ihosc who use 
stoaxu-boilors aro not iho only pa rides who suffer from their explosion. I'hus 
the subject acipdres a wider ini crest, and becomes not only imporlunt io 
steam-users, bat also i.o the public at large. 

It is iheroforo dosirablo that public attention should bo thoroughly aroust^d 
on the subject of steam-boiler explosions, while it is cdoarly nvoU worthy of 
the consideration of the Morabors of the British ABsociniiom 

11. The Oommittco pass on, iu iho second place, to state that the aii.en11oji 
of its Members has for years boon directed to iho cause of ibose sad cata- 
strophes, and that they have invariably found that stonm-hoilcr oxjdoHimiH, 
though so complicated and disastrous in thoir results, have sprung from 
causes of the simplest character. 

In some cases explosions arise from iho boilers having boon originally mal- 
constructed, the furnace- tubes, for instance, not having been strcngtlienotl, as 
experience has shown to be necessary, by encircling rings or flanged seams, 
or other approved and suitable means ; and, in consequence of iho neglect of 
these simple precautions, which may readily be adopted by any ono, a con- 
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sideraMe number of furnaco-tubes have collapsed and ruptured, when the 
rush of steam and hot miter resulting therefrom has been attended ’with 
the most disastrous consequences both to life and property. Explosions of 
this character arc particularly prevalent in Cornwall, where it seems espe- 
cially difficult to persuade steam-users that a furnace-tube can collapse from 
any other cause than that of overheating through shortness of water. This 
simple but obstinate prejudice makes Cornwall one of the most prolific 
counties for steam-boiler explosions; and the Cornish boiler, which, when 
well constructed and strengthened in the furnace-tube as just described, is 
one of the safest and most reliable of any, has been raised to the undesirable 
notoriety of being the most explosive, simply through the obstinate pre- 
judice just referred to, so that the very county that gave this boiler birth and 
name is doing more than any other to damage its reputation. 

Other explosions arise simply through defective staying, as in the case of 
the boiler that exploded at Aberaman on the 31st of May last, killing four 
persons and injming four others. In this case the front end of the boiler 
was blown out, consequent on the removal of the furnace-tube in order to 
metamorphose the boiler (most unwisely) from one fired internally to one 
fired externally. ‘When the furuaco-tubo, which formed a most valuable 
longitudinal stay, had been removed, no adequate provision was made for re- 
pairing its loss, and tho consequence was that the end blew out from sheer 
weakness. This explosion is by no means singular; and many similar 
cases have been met with in which tho flat ends of boilers have been 
blown out through unwisely removing tho furnace-tube in Cornish boilers in 
order to exchange internal firing for extomaL Ono other explosion, resulting 
from imperfect staying, may bo referred to, which occurred on the 28th of 
July, 18G6, at Tunstall, and resulted in the death of two persons and in 
injury to seven others. This boiler was of considerable size, being as much 
as 36 feet long by 9 feet diameter, while it was worked at a p)ressure of 
from 35 lbs. to 40 lbs. on tho square inch. This boiler, which contained an 
internal horseshoo-sliapcd flue, was constructed with a hemispherical end at 
tlie back, and a flat one at the front. Tho flat end was insufficiently stayed, 
in consequence of which it "was blown out with the horseshoe-shaped tube 
attached to it, and thrown to a distance of about 50 yards in one direction, 
while the shell of the boiler recoiled to about the same distance in another. 
Alongside this boiler was another, in process of completion, with two boiler- 
niakei’S and a boy at work inside it. On the occurrence of the explosion, not 
only was tho boiler first referred to torn from its scat, as just explained, but 
tho sister one alongside was tlirown on to a public road, and as this road 
happened to bo on an incline, tho boiler went rolling down, with tho mon, 
tho boy, and their tools inside it, so that their predicament was somewhat 
similar to that of poor Hegulus in his spiked cask. 

Other explosions occur from defective material and workmanshi]), in iUus- 
tratioii of wliich, the explosion may bo referred to which occurred at ITorwich 
on tho 25th of Beptomber, 186f), by which tho works were laid in ruins, 
seven persons killed, and two otlicrs injured. 

Other explosions, again, arise from defective equipments, tho manholes not 
being guarded by substantial mouth-pieces, or tho boilers not being mounted 
"with suitable safety-valves, glass water-gauges, or other necessary fittings. 

Many explosions occur from tho worn-out state of the boilers, the boilers 
being worked on till tho platens arc * so reduced as to bo no thicker than 
a sheet of brown paper. Ono such case occurred on tho 24tli of April, 1865, 
at Wigan, and resulted in tho death of ono person; and in injury to four 
1869. E 
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oiliors* Anotlxor took place at Leeds on the 27tli of March, 186(5, hy which 
two persons were killed, and six others injured. A third happened at Colly- 
hurst, Manchester, on the 23rd of December, 18G7, by which six poi*soiiB 
wore killed and four others injured. Cases of this class arc so ninnerous that 
tlioy defy enumeration, and the working on of old worn-out boilers, that 
should long since have been discarded altogether, is a prolilic Hource of 
explosions. 

Some explosions arise from neglect of the aiiondoids, wlio have ignorjuiily 
tampered with the safety-valves, or neglected the pi’oper supply of water. 
Tho numhor of explosions from this cause, however, is not hy any m(‘ans so 
great in proportion to those that arise from malconstructed or worn-out 
boilers, as is generally suxiposed ; and many more explosions arise from bad 
boilers than from bad attendants, though it is often much to tho convonienco 
of tho stoam-user to have the blame of an explosion thrown upon tho atten- 
dant rather than on tho boiler. 

Such aro some of tho leading causes of steam-boiler explosions, all of 
which, it will bo seen, aro extremely simple ; and tho Committee consider 
that, as a rule, boilers burst simxdy because they aro bad — bad either from 
original malconstruction, or from tho condition into which they have hcen 
allowed to fall ; while they wish to record their opinion that those lamentable 
catastrox^hes, by which so many persons aro annually killed, aro not acci- 
dental, but that they might bo xn'ovonted by the exorcise of commoii 
led<je and common care, 

in. Tho next x)oint the Comniittco have to consider is, how far tho prti- 
sont inquiries conducted by coroners as to the cause of boiler-exxdosions 
aro satisfactoi^. 

On referring to tho verdicts returned by coroners’ juries on deaths occa- 
sioned by boiler-explosions, it appears that tho usual verdict is one of acci- 
dental death f in fact this seems to bo returned on nearly every occasion, 
whatever the cause of tho explosion may he, and even when it has resulicd 
from tho use of an old worn-out boiler, reduced to the thickness of a sixptmee. 
Added to this, tho ovidonco commonly given at these inquiries is anything 
but of a reliable and instructive character. Tho most visionary theories aro 
advanced, and tho attempt is frequently made to show that explosions are 
tinaccountablo and inevitable. Thus no suitable information is given to the 
public as to tbo cause of these sad disasters, and tho conseexuonee is that 
boiler-makers can palm off on tho public had boilers, and stoam.uBors employ 
them with tho certainty that if they cxxdodo with fatal cons(M|iion({eH, tlnw 
will, by tho help of a coroner and Ins juiy, bo publicly abHolytul from all 
responsibility, and tho event proclaimed to bo aocidentaL Afttu' tho (a)nduHh)ti 
tho Committee have arrived at, that explosions aro not accidonl ul, but ttmy 
bo prevented by the exorcise of common hwwhdye and common they 
cannot but consider that such ovidonco and such Verdicts are eminently un- 
satisfactory, and that they call for immediate attention* 

IT. In tho fourth place, tho Committee have to consider how far the pre- 
sent unsatisfactory character of coroners’ invostigatiouH can bo correeital 

It has been x^roposccl by tho Manchester Stoam-userB’ AHHuciation lhaii 
every coroner, when holding an inquiry on a stcam-boih^r (’xplonion, should 
be both em2mvered and imirncted to avail himself of tlxo assiHtiuiC(? of two 
competent engineers having no connexion with tho works at which tho 
exxjlosion occurred, and that these engineers should viHit tho scene of the 
catastrophe, investigate tho caixso of tho explosion, and attend tho inquest in 
order to assist tho coroner in his examination of witnesses, as woU as to give 
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evidence themselves before the jury, and report on the cause of the explosion, 
their reports (which might either bo joint or several, as found most con- 
venient in each case) being accompanied with exjdanatory scaled drawings, 
showing the original construction of the boiler, and as far as possible the 
lines of rent, as well as the direction in which the parts were thrown, and 
the distances at which they fell ; while, in order to secure to the pubhe the 
full advantage of the investigation, it is further proposed that the engineers’ 
reports, with the accompanying drawings, along with the verdict of the jury, 
should bo printed and deposited in the Patent Office, and lie there for in- 
spection and purchase, as in the case of specifications of inventions ; and also 
that copies of these Eeports should bo forwarded to the members of both 
Houses of Parliament, as in the case of reports on railway catastrophes, as 
well as to the various free libraries and scientific societies throughout the 
country. 

The Committee consider that the adoption of this proposition would very 
much raise the character of the present inquiries conducted by coroners, and 
that the measure is well calculated to secure the truth being fully arrived at 
and plainly spoken, to which they attach the greatest importance. 

The fact of two engineers being appointed to investigate and report, those 
eiigincers being altogether independent of the works at which the explosion 
occurred, would, it is thoxight, secure an unbiassed opinion, while from the 
publicity given to the verdict, the coroner and jury would be stimulated to 
make a searching investigation. It is possible that in some cases, more 
especially in the early adoption of this plan, some coroners might not select 
the most competent engineers to assist them in their inquiry ; but this, it is 
thought, is an error that would soon be corrected from the publicity it is pro- 
posed to give to the whole proceedings, which would make the coroners 
careful to make a wise selection for the sake of their own reputation, while, 
as they would not be limited in their choice to a special locality, hnt might 
take the range of the whole country, there would be no difficulty in their finding 
thoroughly competent men. Were two comi)ctcnt engineers selected, the 
Committee consider there would never, or at all events but very seldom, be 
any practical difference in their views as to the cause of an explosion j but 
presuming that in a few instances such might be the case, the Committee 
would not recommend that, as a rule, a third party should bo called in to 
decide the point, since such a question should not bo decided simply by a 
majority of opinions. The better plan would bo to record the facts and 
the conclusions arrived at, and to leave to public discussion and time to show 
how far tho opinions {idvancod wore coiToct or not. 

One of tho results of searching investigations and plain-speaking verdicts 
would bo, that when a stcam-uscr has killed some half dosien people by the 
use of a crazy old boiler, the widows and childron of the deceased would be 
able i<o claim from him compensation for tho Joss of their bread-winners. 
This, it is thought, would operate as a most wholesome chock both upon 
boilor-makors and boilor-users, as tho one party would be exposed if ho sold 
a bad boiler, and the other if he bought it. Some timid steam-users object 
to this measure, lest they should over be brought in for heavy damages ; hut 
sxxch fears may be altogether dismissed by all those who arc working honest 
boilers. Good boilers, as already stated in this Eeport, do'not burst. Explo- 
sions are not mysterious, inexplicable, or unavoidable. They do not hai:)pen 
by caprice, alilco to the carofixl and tho careless. They may all be prevented 
by the exorcise of common knowledge and common care, so that timid steam- 
users may dismiss their apprehensions as long as they are doing their duty by 
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tlieir boilers and boiler-aitciidaniri- Those iniprorod invcstigaiionB would a,t 
the same time have a most ■wholoHonio eflbct upon the operations of boiler- 
inspection associations and boiler-iuvHiiranco conipunics, as in the ovtmt of iho 
explosion of an enrolled boiler, the case would bo fully inveslip^aled ])y im- 
partial parties,, and til G facts brought to light. Such a course Avotild clearly 
promote sound inspection. 

Thus the Cominiiieo consider that the adoption of this measure would have 
80 wholesome an indiiouco upon hoilor-makers and boiler-uscu’s, as well us 
upon boiler-attendants and boilcr-inspcciors, and indeed upon all those con- 
nected with the nsc of sicani, that it would, without any furtlier (lovi'ruinenlal 
interforcnce, do much to prevent the recurrence of steam-boiler explosions, 
and they warmly concur with the proposition. 

*With regard to the manner in which the expense of these iiiV(‘st.igation8 
should bo defrayed, the Committee recommeiul that this should 1)0 met from 
the same source that coroners^ inquiries arc mot at present, viz. (.‘ilh(‘r from 
the county or city rates, as the case may be. This course is deenual better 
than that of throwing the cost of the inquiry upon the ownei’of the exploded 
boiler byway of penalty, as in many cases his resources would be so drained 
by the caiastroplio as to be iiisuiliciont to meet the charges; whilt% in 
addition, it is thought that scientific wif iiesscs, called upon to disidmrgo bo 
important a public duty as that now projiosed, should not bo clepeu(l(3nt on so 
uncertain and invidious a source for remumwaiion. 

It has been proposed that iho Crowu should levy a heavy doodaud on Ihe 
owners of all boilers that explode, unless it could bo shown that ihc explosion 
arose from causes entirely beyond their own control, the onus of the proof 
being thrown on the boiler-owners, and not on iho Oroum. 8iich a measure 
havS, at first sight, much to recommend it<, it would doubtless act as a 
powerful stimulant to care ; but inasmuch as iho rclativcH of those killed by 
boiler explosions are deprived thereby of their means of support, it is thought 
that all payment should go to ihem in the way of compensation rather than 
to the Crown. In many cases the owner of a boiler is ho imj)oyerisluMl by its 
explosion that, had ho to pay a deodand, ho would have nothing left to com- 
pensate those who woro rendered wldoWvS and orphans by the calasiropln', bo 
that the Crown would bo robbing them of tlioir legitimate ct>mpcnBation. It 
is thought therefore it would bo better not to impose any deodand, fhio, or 
penalty, but to leave tlio Hioam*user, in tbo event of explosion, simply to tbo 
exposure of full investigation and plain speaking, eoml)in(‘d with iho liubilily 
to an action for damages, which iho improved verdicts would givt^ inenamed, 
facilities for sotting in motion. 

The Committee would wish to add a few remarks u])()n the misu,p’|nx‘lHm- 
sion that arises from the use of tluMvord ^Uivvhlnifur' in ibe venliHs re- 
turned by coromn's’ juries, and tlio advantage ilu^y tliiidc would bo deriveal 
from the substitution of tlie oxprosvsion not dno to mcdlee aforcihow/ht,^^ 
The Commitioo apprehend ilnit iho fundamoninl object of a coinjiutIm impihy, 
in the case of a bikMou or violent death, is to dotenmne wlu'tlicr thac death 
was occasioned by personal malice or not. Thus it may be legally correct for 
the jury to return a verdict of “accidental death” fj'(an a steam-boiler 
explosion, though the boiler may have been so worn out tluili, m an cmgincer- 
ing and common sense view, the exploHiou was no accident at all. Tims tlio 
jury rise tho word in one sense, but the public accept it in another, and the 
term is taken to bo an exoneration of tho owner of the boilc-r. It is thought 
that the obligations of the jury would bo fulfilled, at iho same time that the 
prevention of steam-boiler explosions would be promoted, if juries, instead of 
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returning a verdict of accidental death, would state tliat they consider 
there had been no malice aforethought,^" and the following verdict is given 
byway of illustration : — 

The jury find that X., X., X., &c. wore Idllod by a steam-boiler explosion 

that occurred at street, in tow, on day of the week, month, 

and year, on the premises occupied by ; and while they consider that 

these deaths wore not occasioned by any ^ malice aforethought,^ either on tho 
part of tho owner of tho boiler or others connected with it, they wish to re- 
cord tho fact that tho boiler was a bad one, its plates being considerably 
reduced by corrosion, and that it was to this cause that the explosion 
was due/’ 

The Committee do not overlook the fact that juries have a third course 
open to them, which lies between the announcement of accidental death ” 
or wilful murder,” and that they have the power of committing owners 
of boilers for manslaughter,” a power which in many cases they are bound 
in the discharge of their duty to exercise, and in the opinion of the Com- 
mittee much more frequently than they do. Tho task, however, of com- 
mitting a boiler-owner for manslaughter is frequently an invidious one for a 
coroner’s jury, and in practice verdicts of manslaughter are very seldom 
brought in by them. ‘Wero the suggestion thus made carried out, coroners’ 
juries would be extricated from an unpleasant position, and the truth with 
regard to explosions would be more fully and freely spoken. 

The following is a recapitulation of tho conclusions to which the Committee 
have arrived ; — First, that a lamentable loss of life is annually caused by 
steam-boiler explosions, which urgently calls for public attention. Secondly, 
that those explosions, as a rule, are not accidental, but may bo prevented by 
the exercise of ‘‘ common Icmwledge and common careP Thirdly, that the 
present investigations conducted by coroners with regard to steam-boiler 
explosions are eminently unsatisfactory, and call for immediate improve- 
ment. Fourthly, that coroners shoidd, when conducting inquiries on boiler 
explosions, bo imtructed and emiooxvered to avail themselves of competent 
engineering advice, so that the cause of every boiler explosion may be fully 
investigated, while tho information acquired should be widely circulated. 
Fifthly, tho Committee entertain a sanguine hope that this course alone 
would do much towards the prevention of tho present recurrence of steam- 
boiler explosions, without any further Governmental action. 

llefore concluding this llcport, the Committee feel it incumbent upon 
thorn to allude to tho general movomout that has taken place within the last 
year with regard to tho adoption of some system of compulsory inspection. 

.During tho past session a Dill was introduced to Farliamcnt, and carried 
through an early stage, for placing all steam-boilers under Govcnimont in- 
spection, by the agency of tho board of Trade. 3iy other's it has boon pro- 
posed that every stcam-usor should bo compelled to have his boiler examined 
and certified by some private association or company instituted for that ob- 
ject, and authorized by tho Government. Others propose that insurance 
should bo an essential accompaniment to ibis arrangement, and that, to secure 
tho integrity of tho service, the boilor-inspcctors should themselves be in- 
s|)ooted by the Government. 

With regard to these propositions, the Committee would wish to express a 
strong and, as they think, a wholesome dread of any Government inter- 
feronco with tho management of private concerns ; and they cannot but con- 
sider that the plan jrroposed of handing over all tho boilers in the country to 
the supervision of tho Board of Trade would prove harassing to the steam- 
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user, and a Ibarricr to progress. Su(di a system, it is thouglit, must soon 
prove a system of Uiniiation. Iiispeoiors nrincid witli (^ovt'rumeiiial powtu’s 
must bo guided by a cod{^ of rules laid down by some high(*r and eerilral 
autbority. They must bo insirnci.ed wliat diameb'r of boiler and wliai 
ibicknosB of ]da,'te to allow f(»r eeriain pr<‘SsureH of steam, also wbat* area 
and description of safoty-valv<‘s, and wbai number and d(^s(‘ri])iion of iiitings 
generally. Thus the responsibility of construel ion would lai rein ovtul from 
the boilor-malcors to tbe (lovcrnmont, and the board of Trade woubl beeonu* 
t/be national boiler (constructors. However wisely and libi'rally such a system 
might bo worked, and however carefully its code of rules might lie devised, it 
is ibared it would shortly prove an irksome limitation, and iba.i serious (un- 
barnissmont would result. Whether any milder nnaxsiiiws could be* intro- 
duced to extend the operations of private associations, is a question on wlufdi 
the Committee arc not in a position to pronounce an opinion at present; 
but the subject appears to them to ho one of considerable importance, and 
the more public attention is called to it, and ilio more it is vimtilaUal and 
discussed, the hotter. 

The Committee would venture, howenTr, to submit to eonsidctraiion, 
whotlior it would not be worth wlnle to try th(‘. oUccl of niorr^ scaircbing 
coroners’ investigations, and ])l.ain-s])eaking verdicts, ])cfor(^ any other steps 
are taken. Wore the (joursc ro(iommeuded herein with regard to coroiU’rs 
adopted, such a mass of Avell-aniheid icaied inforinaiion would soon he accu- 
mulated tluit it would bo sliortly apparent wludluu' tins mcasm^^ wcu’o of 
itself snilicient to arnist the course of Imiler explosions, or wbetluw Uu^ rec^k- 
lossnoss of sh^fim-users was ho great that more Kl-ringeui nieasuiH^s were 
absolutely necessary ; while, supposing Unit the* latter uiifortuimiely proved 
to ho the case, the amount of authentic information obtained wouhl form a 
sure basis for legislative enactment Tho Committee iluu’eforo vent, uro to 
urge that tho plan proposed in this Boport bo fairly triod before any further 
steps bo taken, and they recommend this subject to tho b^^st conBithu’aiion of 
this Meeting of the British Association. 

It shoulcl not ho omitted to mention that since the subject was brought 
under tho consideration of tho Mechanical Section of tho British AsHociati<m 
last year, the blanchostor Steam-users’ Association memonalisiod tho Honu^ 
Secretary with regard to tho impiwcmcnt of coponers’ in(j|iiiries in tho 
manner referred to in this Koport. Tlu^ depuiaiiun was favourably ree(dn‘d, 
and the Home Secretary sbitodjin his place iji ilu^ House of Commons, only a 
few clays ei nee, that h<^ shoiikl oudeavour, (luring tin' IhuassM, to phpaiu a 
measaro fiir tho priwoniion of Rtemn-hoilor t^x])loHions, Thus considerabUs 
aitontionhas boon drawn to this Mubj<Mi during Uie ])ast ycMir, and eonsidcr- 
able progress has been made in oducating ]mb]ic opinion with regard io it* 
Tho Committee think that ibis aifoj'ds ground for congnituhiUon, and that, 
from the interest now aroused in <5oniK^xion with this Hubjixd,, the utlainnient 
of the prevention of Btoam-])oiler explosions is noli far disifint. 

(Signed on behalf of tho CominitUxi) 

WrarAH Baibiuiek, Ohaimmu 

August 18 , 1860 . 
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Preliminary Report of the Committee appointed for the determination 

of the Gases easting in Solution in WelUwaters, By Dr. E. 

Eeankland^ F,R.S,i and Herbert M^Leod^ (Reporter^ 

Herbert M'Leob.) 

In eoBScqucnco of tlio investigation being far from complete, tMs Report 
must be considered as merely a preliminary one; a more detailed account of 
tlio results obtained, and tbo inferences to bo drawn from tliem, must be 
postponed till a future occasion. 

The apparatus employed in these and other experiments was described at 
the last meeting of the Chemical Society, and has boon published in the 
Journal 

In collecting the waters it is, of course, of the greatest importance that 
they should be prevented from coming in contact with the air, otherwise 
serious errors might be produced in the determination of the gases dissolved. 
In order to avoid these errors, the tap delivering the water from the pumps 
is connected by means of a caoutchouc tube with a tubulure at the bottom of 
a tin cylinder, about 10 inches high and 7 in diameter. The water is turned 
on and allowed to flow over the edge of the vessel ; thus only the surface of 
the water is exposed to the action of the air, and the liquid at the lower part 
of the vessel is protected by the upward current and continual overflow. 

The bottles used for collecting the waters hold a little more than 100 
cubic centimetres, and a separate quantity is used for each experiment. 
Into each bottle a piece of glass tube, bent in the form of a IT, is intro- 
duced j one end of the tube is sealed, and in the closed limb a bubble of air 
is confined by mercury which fills the open Hmb and the bend. In the col- 
lection of each water, four of these bottles are lowered by means of pieces of 
string into the tin vessel, while the water is flowing over its edge. After 
being filled each bottle is carefully examined, and if any bubbles of gas 
adhere to the sides they must be removed. The bottles are then again 
lowered into the vessel and the temperature observed. A siphon is now 
l^asscd to the bottom of one of the bottles, and after it has drawn two or 
three hundred cubic centimetres of water through the bottle, it is placed into 
the second. The first bottle is now raised, and while its neck is still under 
the water, a slightly greased stopper is put into the neck and carefully 
pressed down. This force compresses the air contained in the glass tube, 
and if the pressure is sufficient, it prevents the escape of gas from the water, 
a pr(3caution which in some cases is very necessary. The siphon is then 
transferred from tho second into tho third hottlc, and the second is closed and 
removed. When tho four bottles have boon filled, tho stoppers arc covered 
with ground caps. The caps are next filled with mercury throxigh small 
holes at their tops, which arc afterwards closed with glass stoppers. 

Tlio gases should bo removed from iho waters as soon after collection as 
possible. In tho following cases, tho greatest length of time which was 
allowed to elapse between these operations was five days, but usually the 
removal of the gases was eifeoted the day after the collection. 

With so few results as have been obtained up to the x^rcsent, it will be 
impossible to do more than point out the small quantity of oxygon in the 
waters from deep wcUs as compared with those from shahow ones, and with 
rain- and river- waters. The quantity of nitrogen is also very remarkable, as 
being in all tho cases, except the river- and rain-water, in excess of the 


* Journ. Chom. Soc. ser. 2. vol, vix. p. 307. 
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nmomit absorbable by distilled water. To show tills there is introduced 
into tbo foregoing’ Table numbers taken from Bunsen’s ‘ Gasometry/ iudi- 
caiijig the quantities of niirogon absorbable by 100 Tolumes of distilled 
Avai-cr at tlio temperatures which are nearest to those at Avhich the waters 
Avero collected. The reasons of this n2)paront anomaly will be investigated 
during the course of the ensuing year, and it is hoped that, by the next 
Aroeting of the Association, a much larger amount of information Avill have 
been obtained. The prosecution of the cxjiorimonts has been much hindered 
by the ncccssiiy of perfecting ibo aj)paratus for the removal of the gases, 
and the moans of ool lection, so that it Avas not until after the beginning of 
July that any sysiemaiic work could be commenced. Although the investi- 
gation Avill bo continued, it is not intended to ask for any ad^tional grant, 
as the amount voted last year Avill probably bo sufficient. 


The Pressure of Taxation on Real Pro^m'ty, By Prebeiuck Purdy, 
Principal of the Statistical Beparimeni^ Poor Laiv Boards and one 
of the Honorary Secretaries of the Statistical Society, 

[A Communication ordered to bo printed in caienso among the Eeports.] 

I. The Pressxtr33. 

The question of the fiscal iircssiiro caused by the incidence of im 2 )erial and 
local taxation on real 2 mopcrty is no now to 2 )ic in this country. In 1846 tho 
House of Lords appointed a select committee to inquire into tho Burdens 
aftbeting real property.” This committee, of which Lord Beaumont was the 
chainnan, gathered from various sources a largo body of information, and 
made in the same session a rather brief report to tho House upon the volu- 
minous evidence which was subsequently published. A draft report Avhich 
Lord Monteaglo, one of tho members, had drawn up was not accepted; it 
Avas, howeA’’er, printed as a separate paper by tho House of Commons in tho 
same year. 

Both documents have rather an historical than practical interest for us in 
the present day. Our imperial financial policy has materially changed since 
1846, and tho local burdens of that time are quite dwarfed in absolute 
amount by recent groAvths in tho same field. It therefore a25pearod a useful 
task to ascertain tho taxation laid on real property at this moment with tho 
greatest precision that authentic records render possible. I propose to do 
this MMkalhj ; an ecmonm treatment of tho subject Avould bo, no doubt, 
as touching tho pockets of a large number of people, a more exciting theme. 
But admitting that tho aggregato of imperial and local expenses must bo 
2 >rovidcd for, throwing a tax otf one description of property means, in tho 
qfiiore of financial policy, 2 fiaoing it on another. Tlio correlation of tho 
parts would bo disturbed ; the Avido and intricate field of taxation must then 
he entirely revioAved and readjusted, a task of no mean difficulty which 
may bo fittingly omitted on this occasion. 

Tho neai'cst approach, at present, to the annual value of real property in 
England and Wales is expressed by some figures supplied to mo by the 
courtesy of Mr. Ercderick Gri 2 >pcr, Acoountant and Comptroller-General to 
tho Board of Inland Eovomie. 

They show the gross sum to bo upwards of £145,000,000 for tho financial 
year 1807-08, thus assessed ; — 
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X 

XJnflci’ Schedule A 1 10, .‘Ml ,.*>87 

Sum rovmovly eliacj^ed uudci* A, but. since ]S0i» inuislcrml \ 

lo Selwdulcl) as jjrulils J 

Tutal hirvHHViTH 

Tlio aMsessinoui upon which tlio Crown iiciuiilly gulhort'd ilu^ tux \vu8 
U])wnr(ls()l’ .tl), 000, 000 short ol* Ihis .a;r(>ss sum, the sOihuiunit of llto umouuiH 
chtirgcur’ standing, for the siuno yeur, thus: — 

Under Schcclulo A 107,002,002 

Sinn Ibnneriy charged under A, but since 1S05 translbrred 1 oiwu i ‘rr> 
ioDaHproOts..'. J 


Tolal 100,10 1,021 

A difToronce hotweon gross and net vnliio of .C0,000,000 and more, arising 
upon those properties which arc still retained in S(die(hd(i A. 

What originally stood in Hchedule A before .any Inn is lev was efleeicHl can 
ho shown hi detail for the last year of the old sia-ics thus ; — 


Gross Annmd Value of Projteriif in Etu/lard (tad Wtdr.^ Amssvd vndrr 
I nvonuylhuv Voffr oidvd utfi April ^ llSOn. 


Bchedide A of Jnve 


X 


1. LmidB, including Oiho-i’oni charge 

2. Messuages 

t‘h O'iOics (not conmiuted) 

4. Manors 

T). UincB 

(}. Q.iuirrics 

7. Mines 

8. Iron-works 

0. ^^ishorios 

10, Oanals 

11. Bailways ..................... 

12. Gas-works 

13, Other properly * 

34. Gonorid prolits f. 


1) 

1) 

1) 

3) 

3) 

I) 

D 


40, ‘103,000 
r>0,2H(*>,000 
.^8,000 
hSU,OlH) 

i(io,ooo 

520.000 

4.277.000 
i,2‘l8,000 

31,000 

780.000 
13,882.000 

1,01H,01M1 

2.480.000 
387, IMH) 


Toial 131,343, miO 

The principal iteniB now placed under Bclicdulo I) havo that letter marked 
against the sum in the list above ; probably considerable transfers have also 
been made from oilier property ’’ and general ])i*ofitH ; hut this is eerlain, 
quarncH, mines, iron-works, canals, lishorieH, railways, and gas-works herotu- 
foro under Bcliodnie A are now accounted Jbr under Schedule I). 

In the British iiscul syskmi real ])ro])erty sulFers an exceptional liability to 
taxation. It hears iully llirnyfoartlis of our h(»nvy and fiisi-itirn’easing local 
rates, and tlicn in a variety of ways it is made to Knp]detneni tlics impmnal 
hudgots. Hero I may ho permitted to renuuk that in this country wo are 
too much ill the habit of discussing our imperial and local sysimns of rates 
and taxes as things apart, yet their conjoint hiuiring on the inku’ests of Iho 
holders of real property is obvious and practical. This opinion I had the 
honour of indicating to BcctionE, in a brief paper, when the Jhitish Associa-- 
tion last met at Cambridge J. 

Tho amount of local taxation incident upon real property is now known 

^ Salt-sxu'ings or works, alum-mines otr works, docks, drains and loyeb; righls of 
markets and fairs, tolls, bridges, and ferries. 

t All other jirofifcs arising from lands, tenements, and hereditaments or beritagea not 
in the actual possession of the party to bo charged, and not before i^nitmeratccl, 
f See the Transactions of the British Association for 1832, p. 332. 
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with great Mlncss : much is also known of the imperial burden ; but, for the 
r<'asons hcreaftoi'’ stated, approximate completeness is alone attainable in this 
section of our taxes. As the heaviest in amount the local taxes are first 
shown by the subjoined list: — 


Local Tamimi in England and Wtdes falling on Ileal Pnoiiertg in 1807-68, 
according to Mr, Ward Hunt's Bctimi, Nos. 407 and 497 — I.' Bess. 1808. 


t. Amount loviccl tmdor tbo namo of poor-rnto 

2* County, hundred, borough police, not paid out of poor-rate 
iJ. Highway-rate, not paid out of poor-rate 

4. Cluirclihuxtcs 

5. Lighting- and watebing-rato 

C. Improvement-commission rates 

7. General district-raies, levied under the provision of Public 1 

Health and Local Government Acts j 

8. Hates under Courts of Commissioners of Sewers, including 1 

drainage and ombanlancnt rates J 

i\ Bates of other kinds, and inclusive of i598l,000 levied in \ 
the metropolitan district as general and lighting-rates . . j 


£ 

11 , 001,000 

307.000 

917.000 

217.000 
77,000 

445.000 

1,797,000 


709,000 


1,203,000 


Total 10,733,000 

*** Taken in round numbers and connected by Iho moat recent returns in possession of 
the Poor-Law Board. 

It may bo well to remember that nearly half of this heavy sum is entailed 
upon tho ratepayers by the absolute right to relief which the legislation of 
England has given to tho poor. The expenditure last year for ‘^relief to tho 
poor ” was ii7,498,000 ; but law charges to tho amount of £29,000, the 
cost of making valuations £50,000, and money expended for all other 
purposes ” £532,000, a largo portion of which latter sum is solely contingent 
on pauperism, are all items that are excluded from what, in ofEcial language, 
is termed relief ; ” though it is patent that if pauperism ceased out of tho 
land, most of these expenses would bo determined. Add a duo proportion of 
the excluded items and wo may fairly say that, in round numbers, English 
pauperism last year cost little short of £8,000,000 sterling. 

Tho imperial ' taxes that arc incident upon realty certainly exceed 
£0,000,000 ; they probably approach to £7,000,000. Bo far as their respective 
amounts can bo discovered, they are t^xhibited in the following statement : — 


Tmperial Tiuvaflon in England and Wales falling on Heal Proper tg in 1867-08, 
or tliereahoiits, according to llciurns in piossession of the Oonmtmioners of 


Inland Hevenve, 

£ 

1. Property-tax, 1807 2,354,000 

2. Land-tax, 1808 1,058,000 

3. Houso-duty, 1808 3,003,0W 

4. Succession -duty, average of 18r>7-r)8-()9 502,000 


5. Bt^ainps on deeds and other itistrumonts, not otherwise spo- 

dfied, 1808 (a) 

0. Eire insurance ? 

7. Stamp-duty on wills and letters of administration ? ...... 

8. Probate Court fees? 


Approximate total 0,382,000 

(a) Stamps on sales, conveyances, leases, mortgages, &c, will bo included in this sum, 
but what portion is not incident on real estate it is impossible to discover. Tho stami)- 
duties on wills and loiters of administration, .some of which will bo paid on leaseholds for 
years, and therefore indirectly from real property, are excluded from the above, and tlmt 
exclusion may possibly balanco tho excess undor the head of stamps on deeds. Tlie duty 
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on wills &c. in England and Wales in 1807-G8 was ^1,40G,000. rrobaio Court foo 
stamps, wliicli in 1808 amoiiuiod to ,£124,000, arc also excluded. 

The sticccssion-dtity experiences consiclcrablo viiriaiions; according* to 
particulars furnished by ]\Lr. (h'ippcr, the sums c(>ll(‘ctcd in England and 
Wales for the financial years 18()7, 18G8, were rospecimdy .0507,081, 
,€008,21)7, and ,£57 1 ,851 , Ear tbo purposes of this paper tlu^ average'. ot‘ tlu^ 
three years lias hocn iahon. Eirc4nsnranc‘o duty Inis ci^ased ; it is noted 
above as a reminder; very recently it was a tax that largely bon^ on (u'rluiu 
descriptions of real property. After trial it is found impossible to utiravei 
tlio stamp-duties so as to exhibit that portion of the impost with which 
alone this pa])er is concerned. 

Allowing for possible defects in the imperial lax the aggregate 


burden is this ; — 

£ 

GCiikon by local taxation 

„ imperial taxation rv>tS2,00() 

Grand loUd 2;tlirMJUG 


Upon the gross value assessed under Rchodule A — .€145,500,000. This is 
equivalent to 5s. 2]</. in the pound ; on the lud. value (I he amount (‘barged, 
<€150,135,000) it equals 3.s\ in iht' pound, jleiv, however, it should 
be rcmomlierod that tlu^ standards of conqiarison urc^ themselves averng(*H of 
a comprelumsivc sort; it is not evciy ])ouud of gross or of ** charged” value 
that is taxable. Eor example', on many cstafes iho hind-t.a.x is XM^dt'-cmed*^; 
tbo inbabited-house tax is not paid by mor<i than one-si, xih of all tlu^ house- 
holders of the kingdom ; though measured on rtfhe alone, more tluni lialf the 
house-rental pays. The assessment of houses &((, (other than farm-houses) 
to iho property-tax in 1804-65 was, as already stated, €50,286,000 ; but fur 
tho purposes of the house-tax, the levy was made upon .€30,405,000. Again, 
many small proprietors, being outside tho statntablo limit of tlu^ income-tax, 
altogether escape it. In a word, as a taxable eorptis, the valuations hero 
cited must not bo invested with an homogeneity they do not possosH. 

Though tho Crown valuatioxis under Bchodulo A bo a much truer exponent 
of the country’s wealth in real pi'oporty than any aBsossment yet made for 
tho purpose of local ratings, it is nevertliolcBS advisable to give, in a theme 
of this kind, some attention to the latter. 

There is ixo informaiion in (^xistemeo as to iho ratoahlo value ’’ of England 
and Wales previous to tho year I84rMI. This ‘M’afcahb/’ or, as it is 
somotimos termed, “ annual vnhu',” wlicu discovinu^d iVom ndurns ohtuincd 
by tho Poor Law CommissionerH from tlu^ ov('rH(^<‘rs of tlud. iiim*, was found 
to bo .€02,540,000. The parish ofHcci's’ vahud nms wev(' notoriously dofcclivi'. 
Tho annual valuer of real pi^xperty was asctTtaiiu'd by tlu^ (AmnnisHioiuu’H of 
tho Income- and Property-l’ax Acts to bo .€85,805,000 in tlu^ HubH(‘(|U(mt 
year 1841-42. Th*o whole excess of ,€25,000,000 or so must not, however, 
be ascribed to under valuation in tho poor-iule assi^ssmout. Homo few ihings 
are in Bchodulo A that are exempt from poor’s rate. Tho Parochial Ahh(*sh- 
ment Act of 1837 does not aj^poar to have mended xnattors mucht. The 
increase of assessable property, and, latterly, tho application of sounder prin- 
ciples, introduced by the assessment committees in tho practice of valuation, 
though yet very short of attainable completeness, make thcmsolvea visiblo 
in the next statement : — 

* The annual tax redeemed up to 1856 was Joum&L voL xx, 

t See ‘Statistical d'ournalf vok xxiii. p. 292 et se^. 
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Parochial Years. 

Poor-Bale Valuation. 

Orosa 

Eslimjitcd Bental. 

Net Annual 
or 

Baleablo Value. 

Clear Interval 
between the 
Successive Returns. 


JJ 

£ 


1840-41 

Not known. 

62 , 540,030 

— 

1840-47 

» 

67 , 320,587 

C) yeans. 

1840-50 


67 , 700,153 

2 „ 

1855-50 

80,077,070 

71 , 840,271 

^ it 

1805-00 

110,079,008 

93 , 638,403 

9 „ 

1807-08 

118,334,081 

100 , 612,734 

1 year. 


A Parliamentary llctiirn of some interest to tlie discussion of the incidence 
of taxation was in 1853 obtained upon the motion of Hr. Moffatt. The 
growth of the last fifteen or sixteen years has materially changed the relatiye 
proportion of some of the data selector! from the paper and placed hereunder. 
Historically they have yalue now; hereafter, when we wish to ascertain 
whither political and economic forces arc in this matter of taxation carrying 
ns, tlicir worth may bo greater. The amounts payable in England and 
Wales ont of each sort of rateable property -was, in tlio language of the 
return, ascertained by the rule of proportion applicable to tbe poor’s rate.” 


Different Descriptions of 
Property upon 
which the Bates were 
Incident. 

Poor’s Bate 
(including 
County, 
Borough, and 
Police Bates). 

Highway 

Bate. 

Land-Tax. 

Proportion paid 
by each Description 
of Property. 

Amount. 

Per cent. 

1. Land, including farm-1 

houses J 

2. Tithe-rent cliargo 

3 . Houses, including ware- 1 

houses, factories, &c. J 

4. Coal-Tnino.s 

r>. Saleable underwoods .... 
0. Canals 

7 . Railways 

8 . All other descriptions 1 

of property J 

Totals 

£ 

2,707,027 

295,050 

£ 

607,540 

59,123 

£ 

533,112 

00,503 

£ 

3 , 848,285 

414,742 

41 *2 

4'4 

3,002,083 

3,124,520 

Gl,I9l 
28,524 
28,471 1 
204,871 

102,032 

600,009 

889,574 

14,082 

0,330 

7,590 

52,537 

25,881 

093,(575 

478,816 

0,981 

5,081 

3,756 

30,171 

12,037 

4 , 163,017 

4 , 492,916 

8i,aS4 

40,341 

39 , 8*3 

* 87,579 

140,850 

45-6 

48*1 

0*9 

o'4 

0*4 

(•>,852.293 

1,002,575 

1,130,917 

9>345579o 

lOO’O 


Nute . — The poor-rate and higliway-rato levy are for the year 1851-52 ; tho land-tax for 
tbe previous yoai*. 


Hero it is scon that sixteen years ago landed property, including tho tithe- 
rent charge, hore 45 *0 per cent, of the aggregate amount of the rates and tax 
mentioned above, and tho residual property 54*4 per cent. There is not, I 
believe, any subsequent return to show what changes may have taken place 
in these ratios when measured on tho basis of the poor-rate valuations ; 
though, fx'om tho comparatively slow growth of one and the rapid growth of 
the other portion of assessable property, the differences must ho considerable. 
In tho absence of a means of comparison similar in each particular with 
the table of 1 851-52, we may, bearing in mind tho necessary qualification, 
take tho property-tax assessment for 1804-65 as a guide, especially as the 
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more ratios are niucli less open to doubt, from the diversity of practice be- 
tweou Crown valuers and local valuers, than tbo a})solute amoimts. 


Ammint mvl l^atio of 6Vriss* hi 11^04-65, of Lamlii, and of othet' 

Meal Propci'tif under ^SeJle(luU A, in Enphtud and 


or lands, incliuling iiilio-«‘<‘nt clu\rf!;t‘ ............ 

C)rnll other chwM’ipliuuH of real pr(»por(y ussossed [ 
ill this 8chodiiIo j 

X 

4{Vio;t4;i7 

8j/.);is,oirj 

JVr ('(‘id, 
3^’3 

6+7 

Total ...; 


100*0 



As a^a*ainst 1851-52, wc may say that lU'5 per cent, lias jaissed from tlic 
Ifiud and gono ii])on other assessable property. Ltiiid woiiltl appear now 
liable to bear rather more tluui onc-^thlnl of any hurdeu laid upon real 
])ropcrty generally, and real property, other than land, rather less than 
tmo^lhinh, 

II. Tjin (JuowTU OK Tiii'j Piioi‘KUTY njsnint rjiMSsoia:. 

Tt has thus boon shown,! may submit, that tin? iiujiosis njion r(?al propt?rty 
arc in appearance cxce])tionully seven*, taxed as it is both by tin? imperial 
and the local assessor. Have these burdens in any wise injunal or retarchsl 
the growth of this species of wealth ? is the next (pu'stion. During the past 
fifty years Enghind lias increased hugely in numb(u*s, and more largely in 
materia] prosperity^ Under sneh conditions, it is ineoneiavahh? of any com- 
immity that a grout iinpitus sliould not have been given to the d(W(‘lopnn3nt 
of 'what English lawyers mean by the term realty’^ or real (‘state. 
Authentic records afford the ni(?an.s of instituting a comparison between tbo 
years 1815 and 1808 ; or, rmiglily s]>ealung, after t he lapse of half a ctmtury. 
lu the fli’st-namcd year the populatioa of England and Wales was 1 1,004,000 • 
in 1805 it was 21,500,000, the mercase being {)0'2 p(‘r cent. In 1814-15, 
the real property assessed \iuder Bchedulo A Avas X5B, 4 05,000, and in IS07-*‘OH 
it was .£145,309,000, or 171‘8 per cent., and thus surpassing the rate of 
development in the population by 75-0 pc^r cent. 

This increase of real property is tbo more romarkablo when the (firinmi- 
stances of what was formerly its most eminent cotistituorit (land) are 
considered, lliis natural ngtmt, in u country like England of tbo ptwntt 
cumtiiiy, is witbin vary narrow limits rc'strictod in quaniit.y. ITotises, mills, 
factories, railroads, &c. may and do iuereasoiudednitely ; a'rablo land cuntmt. 
It is impossible to say wbat was flu? a.r(‘a under (mliivafion in IS 15; and it 
is, T believe, a matficr of conj(*ciuro wbieb way the bahme^o would iu(‘liucs if 
tbe loss by the ex])a.nHi()n of our towns and by the ininKlnctlon ol' railways 
was mt^asnrcid against tlu? mapiisitious by ein/losurt's, which, na-koning only 
from 1845 to 1807, amounted to 500,502 aciM^s, a, surhua? ninch largvr than 
tbo area Jtow under (ailtivatiou iu Jlorset or in (lurnwall. Tiie eslimahul 
quantity of laud occupied hy a, limnil juilo of railway, according io a .Parlia- 
mentary Paper of last Bession, was 12*97 acres; lluj total oxUmt 133,430 
aorc^, or rather more than one^fourth of tin? (piantity brought under cultun? 
by the Eneloaiire Commissioners in twenty-two j(‘UTH. 

Tbo Govermnont has pirblishod no return of the gross valuation in each 
county, under Bobedule A, for a period later than tho financial year 1804-05 ; 
but sinco a comparison of tbo value of land and of the other doBcriptions of 
real ^ property in that year, in the different parts of tho kingdom, with tlm 
official account in 1814-15, may bo of some interest to tho Section, the 
details have been worked out and placed in au Appendix 

See ‘BtatisMoal JournaU for September 1800. 
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Taken divisionally, tke results are tkeso, for the aggregate of real property 
other than land : — 


Biyisions. 

Annual Value of Real Property 
other than Lands 

Increase 

per 

cent. 

1814-15. 

1804-65. 

Increase in 
1864-65. 



£ 

£ 

£ 


r. Tlio Metropolis and the extra ' 






•nietro^politan ^arU of Mid- - 

0,914,492 

31,336,856 

24 . 422,^64 

353*2 

dlescx, Surrey, and Kent . . J 





n. South-Eastern, less the extra 






onetropolitan parts of Surrey 


021,408 

3,215,947 

2 , 294,539 

249-1 

iir. Soutli Midland, less the extra ' 






metropolitan part of Mid- 


CG4,948 

2,475,008 

1 , 810,120 

272-2 

dlescx 






IV. Eastern 


1,032,175 

2,453.107 

1 , 420,932 

137-6 

y. South-Western 


1,782,524 

4,605,384 

2 , 912,860 

163-4 

vr. West Midland 


1,429,248 

7,852,049 

6 , 422,801 

449*5 

vit. North Midland 


473,185 

4,248,121 

3 ^ 774*936 

798-1 

vrir. North-Western 


1,850,841 

13,138,535 

11 , 281,694 

607*6 

IX. York 


900,986 

7,924,120 

6 , 927,134 

694*8 

X. Northern 


712,777 

4,013,925 

3 , 301,148 

462*9 

XI. Welsh 


450,791 

3,584,534 

3»i33»743 

694*9 

England and Wales 

• 

17,235,375 

84,937,040 

67 , 702,^71 

392-8 


tJndor the house-tax the farmer’s dwelling is separately assessed, but for 
property-tax purposes it is treated as an integral part of the land. ' 


Divisions. 

Annual Value of Lands (inclusive 
of Tithes). 

Increase 

per 

1814-15. 

1SG4-65. 

Inereaso in 
1864-05. 

cent. 

T. The Metropolis and the extra ‘ 
metro^jolitcm pf^o'ts of Mid- • 

£ 

2,018,000 

£ 

2,582,315 

£ 

564 . 31 s 

27*9 

dlosex, Surrey, and Kent . . ^ 
ir, South-Easi ern, /r.s'.s’ the extra 
metropoU tan pa?is of Surrey . 

1,956,000 

2,007,041 

741,641 

37*9 

and Kent 

HI, South Midland, less the extra 
metro^nditan parts of Mid- • 

3,710,000 

4,935.099 

1 , 219,099 

32^8 

dli‘.sox , 

ly. Eastern 

3,209,000 

4,908,000 

1 , 699,096 

52*9 

y. South-Western 

5,294,000 

0,313,853 

0,189,570 

Lo19>^S3 

19*2 

vr. West Midland 

4,893,000 

1 , 296,576 

26*4 

vn. North Midland 

4,339,000 

5,755,138 

i,41<3,I38 

32*6 

viu. North-Western 

2,397,000 

2,820,389 

429,389 

17*9 

Tx. York 

3,764,000 

4,431,804 

667,864 

17*7 

X. Northern 

2,498,000 

2,028,592 

130,592 

5*2 

xr. Welsh 

2,170,000 

3,135,290 

959,290 

44*1 

England and Wales 

30,200,000 

40,403,853 

10 , 143,853 

27*9 


* With lands,” wheroyer mentioned in this paper, tithes in the earlier years, anl 
tithe-rent charge in the later ones, are always included. 
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In these comparisons no adjnsiineni for the tloprcciaiion^of tlie euiTcney 
in the earlier part of the ccntiiiy lias boon al tempted. Professor Jovons lias 
given a table in the 'Statistical Jotirnar**', showing that, in hsi4, gold was 
above the standard price of X'Jl 17s. 101^^. by per cinit., and in tin' next 
year IH) per cent. ; at the latter ratio onc-yZ/V// must b(‘ deduct'd Irotn all 
values ill lyld-lf*). 

Prom tln^ absence of any aulbontic retan’d of tlx', land iiinba* miHivalioii in 
1 811-15, the means of eoni]miing' the farm ix'idal per jure are wanling. 
We are in a better ])ositioii now: the rent for the wboh' klngdonu us well as 
for individual counties, (ain be worked out with, 1 l)eli('ve, a usdul apimoacl! 
to accuracy. The rent for all England and Wales was, in ISth), .fl 17s. ih/, 
per acre. The statistics for this, ns wcdl as for the counties of the soulh- 
westorn division, are displayed below. 



I’olal Ami 
in 

Ai*n\s. 

Acmigc uiwhn* 
nil IvIIkIh of 
('rops, I Jam 
150 low, (iiul 
UrnsH in 180(5. 

Annnnl 
Hfiitnl, 
Bi'lK'doU* 0 , 
in 

J8I51 (5.5. 

Ih'nt 

plM* 

Afiv. 

. 

All England and Wales t 

57,621,88.4 

24 , 546,607 

£ 

>1(5,406,8,56 

X ft. ti. 

I 17 9 

u ill - IVcsfrrH C(i t( V iim : • 





Wilts 

8 fir »,()()2 

6 :} 6 , 7 i ?6 

1.1151,(5.5(5 

116 6 

llorsct 

(i;{2,025 


711.017 

t liS ID 

Devon 

1,(5.57,180 ! 


1,780,07(5 i 

I 9 

Cornwall 

87.‘M5(M» 

436,071 

744,(5.52 

1 15 6 

SomerHOt 

1,017,220 

735,604 j 

1,852,522 

a 10 4 


Tho agricultural siatvatics do not include the area of hilUpjiNt arcs : lu>ldings under 
five acres are also excluded. In 18(51, nc<*ording to the tlu're wt're Tbod luhlings in 

England and Wales under llvo acres each,* their aggregate amiwas, however, only 111,140. 

Those figures have, perhaps, no very immediate bearing on tlie subject of 
the paper ; but it seemed of possible utility to record them here for futui‘(j 
guidance. 

While land and other kinds of real property have made, in the past half 
cenluiy, the liighly satisfactory ])rogresH already mentioned, it is certain that 
trades, manufiicturos, and professions have enormously distanced agrietdturai 
industry in the race for wt'iilth. 

The assessment "for all profits or gains arising frotn any profcssioti, frude^ 
employment, or vocation/’ under Sidiedulo .1), is notoriously, ami p('r}mps 
irremediably defective, Jn their last UepoH,, the Oommissiom'rs inlaml 
Jtevenue estimate, from circaimstances within their knowh'dgf', that tht^ 
return of income uiuk'r this schedule is ,£57i!:i5ih0{)0 sliort of thc^ trm^ 
amount; no exaggeration can, tlHiri'foro, be elmrgiHl against the figures 
which represent profits and gains in the anm'xc'd 'rnhlo (]>, 1)5). 

The land rental in respect of which the ra.j'mor''H ])roiitM ru’c assessed has, 
during the fifty years ended with I8<>r>, iin;roase<! by XI 2,875,000, or 80 
per coni ; tho profits of trades and professions have/in the samti interval, 
augmented by X72, 61 1,000, or 212 per cent., irrespcictive of the eorreciion 
due for depreciated currency in lBhW5. Two factors enter into the 
increased assessments returned under Schedules A and B since IBlM— r( al 

* Tol, xxviii. 1805. 

X 1^°^ 25,543,427 acres, tmtW cuilliyaUou, in all Engkiid 

and Wales, according to thoEcturns of 1867-08, is XI 17^, 
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advance in quantity and in market value, and an apparent advance by 
better assessment 


England and Wales under 

Annual Value Assessed in 

1814-15. 

1864-05. 

Schedule B — 

Farmers’ profits f 

£ 

34,028,655 

£. 

46 , 403.853 

Schedule B — 

Profits of trades and professions 

34,287,685 

106 , 808,319 


There is, I fear, no possibility of assigning the true value to each factor. 
The Union Assessment Committees’ valuation of 408 unions, embracing 
about half the rateable property of the kingdom, in 1863 amounted to 
£43,298,000 ; in the following year, when it may be supposed these bodies 
had obtained greater knowledge of their work, the assessment of the same 
unions was raised £5,384,000, or 12*4 per cent. 

III. Conclusion, 

Though in tho preceding pages the taxes incident upon real property have 
been termed a burden, this language requires some qualification when we 
examine the objects to which a large portion of our local rates are devoted. 
The charges entailed on the ratepayers by crime and pauperism might bo 
dispensed with, to the great advantage of the property now defraying the 
cost, though English poor-rates largely supplement wages, and consumers 
thereby gain some temporary, but in its consequences more than doubtful, 
benefit. Expenditure upon the maintenance and repair of roads and bridges, 
upon the drainage and embankment of marsh lands, upon the sewerage, 
paving and lighting of towns, and upon many other services performed by 
improvement commissioners, as well as the sanitary measures undertaken by 
boards of health, are operations signally beneficial to rateable property. 

So far, therefore, as the property is judiciously assessed, and the proceeds 
honestly and intelligently administered for these purposes, the local rate is a 
good investment, for which no enlightened owner will manifest an ignorant 
impatience of taxation. Tho imperial taxes and the other part of the local 
rates stand in a very different category. 

[Note , — An Appendix, consisting of detailed Tables, will bo found in the 
^ Journal of the Statistical Society’ for Soptemher 1869.] 

* Alluding, in 1864, to a new valuation of property then in pi^ogress, under the oiders 
of the Inland Eovenue Oifice, the Commissioners mention that in many districts the 
amount of duty was greater at <dd. than formerly at Id. They state that, “ so far as 
Schedules A and B are concerned, this result is attributable in no small degree to the care 
and judgment with ■which the assessments were made upon this occasion by our surveyors, 
acting under special instructions from this ofEce. We have also been much assisted by 
the valuations under the Union Assessment Act, especially in the case of land in the oceii- 
pation of tho owner, where tho former unsatisfactory parochial rating to the relief of tho 
poor was the guide upon which our officers chiefly relied .” — Ninth Bej^ort of Commis-^ 
sioners^ 1805. 

t Farmers’ profits were estimated as equal to three-fourths of their rental in 1814-15, 
and one-hah’ rental under the Act of 1842. The full rental of both years is given above. 
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On the Clmnical Heactions of Light discovered hg Professor TyuclalL 
By Professor Moiuien, of Marseilles. 

[A couiinunicafioii ordered lobe pr'miod m ('Jctiuw {uiiouj^ the Reports. J 
Bjnge tile last Bcssioii of tlio lUniish Assoeiation, lh\ 'ryiidall line, jnddislied, 
111 BiToral papers, liighly iiiiertsslini^^ ivst>andu*,s on a ])[jriii*ulat‘ speeios of 
lianiiioos reticiioiis, tlnis providiii^e; pli^sioists and rln’inists with a now 
insiriinient, belli of synlliesis and aiial^'sis, (o wliifb lu' iinitos (lie ullonlion 
iindiuvestigatnm of all ivhuin it may <'oiio(‘rn. In olxMlionoo jo ibis sidentiiic 
cliallenge, 1 liave r(‘]iealed, with the nliiiost cun*, all the loarned 
niaii's exporiinenls. I ]um‘ found them all ns ri<»‘orously oxaoi as they arc 
ably dcfsciibod. They reder to atomical evolutions in which ahnosi sotun 
to deieeb Nutviro in her most mysiorioiis 0 ]>evai ions, d’he moleenles of 
bodies, when ])oworfully lighted, the observer himsell' lieiiig in absolute 
diirkncs.s, may be easily perceived in their inlhiitely miniiie motions ; in 
following Avhich, ]\Ir. and every oii<* who is passionaii^ly dosh’onH 

of penetrating the somds of the constiiiition of bodies, cannot but feel the 
most exciting curiosity. ]\rr. Tyndall has made use prim-ipally of <‘]e(dric 
light, and 1ms caus(‘d it- to act mostly on organic bodies. 1 ]it\xe followed in 
tills respect (piite a ditlerent method and olijetd. 

Alost Javourahly situated with res])ect to solar light, In Provence, where 
for nioniliH t-ogetln'r M*e (mjoy a elondlesH sky, I ]iro])os(Ml to limit myself to 
the us<^ of solar rays only, and eonfuio mysedf to iliose condilioim whhh 
the alinoH]heve. ntfords us. I have carefully avoided organic hocli(‘s, the 
molecules of which uj'ehighlycmm plicated and most dilllmill to follow in their 
multifarious ('volut ious. 1 htive cv<ui jnvfenvd the simpler bodies of mineral 
ohciuisiry, as offering an easier Ikdd of observjdion to the ihysidst desirous 
of arriving at dour and preeise 

Ill this exposition I shall follow, step by step, the erdm* which, without 
any preconceived or systematical ideas, directed my Km‘C('ssivu experhuents. 
It is, so to say, a journey in nn unknown hind, I hIuiII ilins the better 
show the deceptions I met with, iho incc'ssnntly su]Kirve!iing <linicultl(‘H, 
the noeessities of modifying the ap]>araius, and the various ineidcnlH of the 
rouio. I hope by this means the better to ilhiBimto the objtjct 1 had in %dew, 

At the outset I made use of an oxperiraouinl apparatus eiitiridy Bimilar 
to ISkfr. TyndalFs — a glass tube 8 to 9 contimeires in diameter and j metro 
long, iitt ed at each extremity into a broad brass ring InitHl with cmnent;, 
and carefully ground in the anterior pari; two plain ]neees of plate glass, 
perfectly trans])areni;, resting on the rings, and slightly lubrie}ij(‘d on the 
edges with a fatty siibstanctj, constituted an air-tight cavity Avlicii a, viumum 
•wns formed. A glass cock, fitt:ed on each extremity, and h4^ into the 
cylindrical rings, jillowt^d mo to make tho vacuum at one <md, a!id io Int roduen 
at tho other tho gas or vapour on which tho experimcmls W(‘ro to ])c made. 
Extreme, if not absolute deanness and perfectly dry tubes are iudispeti- 
Bablc requisites, 

Tho light arrives in tho lube after condensation by a hms whidi every- 
thing induces mo to bdiovo was not achromatic in Mr. TyndalFs experi- 
ments. In his apparatus, as in mine, two cones aro formed joined at the /ipieos, 
the fest, the converging cone, with an orango-red periphery, the otlu'r, the 
diverging one, with a violot-bluc periphoty, circumstances which I notice 
here, because the while molecules which aro about to appear will ofkm 
assume, in passing through them, the hues of the luminous bands in which 
they oiroulato. 'When a vacuum has beou luucluccd in the tube, iJio light 
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passes tliroiigli it ■without tho cones being in the least perceived ; the tube 
is optically vacuous ; but when tho gas or vapour is introduced, a blue cloud, 
or blue precipitate, of an incomparable delicacy appears after a varying 
lapse of time, first at tho summit of tho cones, then in the converging cone. 
As long as the xmccipitato is of that beautiful blue colour, the light which it 
sends to tho eyo is perfectly polarized as Mr. Tyndall has described it. 
Then by slow degrees the precipitate increases, and slowly becomes white, 
tho light emitted still remaining polarized; but as the sides of the tube 
lighted by the cones send to tho eye light which is also ];>olarized, and as it were 
the i^roduct of a polarizer, tho whitish vapour of the cones then behaves like 
a thin polarizing lamina under inspection through tho Kicol held by the 
observer ; and when tho two polarization xdanes are perpendicular to one 
another, the whitish cones assume a magnificent blue colour, exactly as a thin 
lamina of selenite of the required tliickncss would do ; but in pro]portion 
as the white xmccipitato increases, all polarization disax^pcars. The precipi- 
tated molecules become heated, both at the summits of the cones and against 
the entrance glass plate, and there arises a motion, slow at first, which 
brings to tho cones other particles of tho body under experimentation, not 
yet acted on by tho light ; and as these x)ai*ticles, owing to transparency, 
ax)pcar dark, their intermingling ^vith tho white particles produces a series 
of tho most beautiful, varying, and often most regular images, such as 
have been described with expressions of genuine admiration by Mr. Tyndall. 

Tho precipitated molecules seem to increase in diameter, and the two 
cones are then resplendent with reflected light. But there are, for the eye, 
certain points where the cone takes a fine rosy colour ; and the position of 
these points varies in tho course of tho same experiment. They are some- 
times on a lino which forms an angle of 45° with the axis of tho converging 
cone, sometimes on a line forming an angle of 90°-|-d:5° with the same axis. 
There is, as in the rainbow, a line of position, and for tho x)rooipitated 
molecules a zone of efficacious rays, which demand special and ulterior 
inquiries. 

Let mo resume the exposition of facts already so well described by the 
English j)hysicist. 

It will be easily soon that either a synthesis or a decomposition of a body 
has taken xdaeo, i. e, a new grouping of tho atoms, when under tho influence 
of concentrated solar light tho blue cloud invades tho cones. 

Tho first body of which I have attempted tho synthesis is that which I 
have so often and so easily obtained hy electricity, by causing tho induction 
spark to x^ass through a gaseous mixture, formed of one of oxygen, two of 
nitrogen, and throe of sulxfimrous acid^^. It is tho compound which is 
formed in tho leaden chamhers in the ))rcparaiiou of siilxfiiuric acid. 

I submitted tho gaseous mixture to the solar action immediately tho 
compound was produced. The same gaseous mixture enabled mo to recognize, 
like Mr. Tyndall, that the special rays which x^rodiice these reactions are 
neither the less refrangible calorific rays, nor the red rays oven when highly 
concentrated. I have for this object made use of tho greatest variety of 
screens — smoky quartz, iodine dissolved in bisulphide of carbon, CS^, then 
coloured glasses, red, orange, yellow, green ; but I dislike and distrust the 
glass screens ; I prefer by far liquid ones. The action x>roduccd was insigni- 
ficant. It became, on tho contrary, oxtromely energetic with blue and 
violet glasses. 

It is therefore under the shock of the more rapid oscillations of the chemi- 
^ Vide Annales dc Chimie ©fc de Physique, vol. vi. series 4. 
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cal rays tliat tlieso reactions are produced. And hero I wish to notice, in 
passing, an interesting fact, important especially for photographers — 1 mean 
the power of intorcopiing only the chcmicfil rays of solar light, withont 
stopping the luminous rays, possessed hy a solution of bisulpluito of quinine, 
well hltercd and confined, by moans of gni.ta percha, ])etwocn i,wo glass 
plates. This screen, C) millimetres in tluekness, is of an exi-renio irans- 
parenoy to light ; but the cbomical rays are intercepted. It might bo advan- 
tageously used instead of the yellow glass, which, in photographic opera- 
tions, casts on all objects such peculiar hues as to require a special education 
of the oyo which has t o judge of the reactions. This screen proved incsiimablo 
to me, as it allowed of my disposing and regulating the apparatais suitably 
beforehand, while it enabled mo to permit tlie chemical ra,ys, which the 
screen had intercepted, to act at the proper moment only. 

After the experiments on N0®2(S0*‘) (0 = 8), I tried to unite the most 
resistant bodies. I introduced into the tube hydrogen and nitrogen perfectly 
pure and dry, and my surprise was extreme when I behold the formation of 
a white cloud. This unexpected result, and one which I had considered as 
iitterly impossible, obliged me to look still more closely into the matter, and 
to proceed with still greater caution. 

The brass rings at the extremities of the tube were luted with the usual 
resinous cement. Against this cement ray first scruples wore now directed ; it 
might still contain some volatile csscnco (spirits of turpentine for instance) 
which might have penetrated into the tube when agood vacxmm v'ns formed ; 
and so smaU. a quantity of matter sufficed perhaps to produce an apim^ciablo 
result ; this might, have given rise to the xincxpccted cloud. It. became 
necessary to suppress these rings and simplify the apparatus, which I eflbctod 
in the following manner. 

I took a cylindrical glass tube (a glass with a foot, Fr. i'jyrouvctte) 2J) to 80 
centimetres long and 8 to 9 in diameter, and 1 200 to 2000 cubic eeniims, 
in capacity. The upper edge, somewhat bell-mouthed and carefully ground, 
of above 8 millinis. thickness, was slightly lubricated with a little tallow, wax, 
and oil melted together. A fiat square of plate glass, very transparent., was 
placed on the oil and sharply pressed down upon it, and some wax was melted 
all round the contact surface with a hot iron. At the boi-tom of the cylinder, on 
the side, a glass stop-cock was carefully fitted in. "With this apparatus the 
vacuum may be preserved during a long time, oven for months together, Tim 



vacuum is produced, and the gases are introduced by the stopcock solely. But 
there is another method, very important to notice, for introducing into the 
tube the body to be examined, when it is solid or liquid and volatile. A very 
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small quantity of the substance is put into a very fine thin cylindrical tube, 
which is closed with the lamp at both ends after the introduction of the 
body, and can bo, when necessary, easily broken to pieces by a slight shock 
against the tube. The mercury gas-holders which receive and conduct the 
gases are glass, carefully divided, so as to measure the volume of the gases 
experimented on. In lieu of an air-pump I have always made use of a 
mercury exhauster, the only apparatus which can be absolutely relied on, and 
which enables the operator, when the reaction is completed, to withdraw 
the gases from the tube for analysis; the mercury exhauster likewise 
enables us to measure the elastic force of the gases before and after the reac- 
tion, and thus indicates the variations of volume of the gas employed. 

What therefore gives these experiments a peculiar character is the com- 
plete elimination of all gaseous vehicles employed to convey the vapour. The 
conditions of my experiments differ in this respect from Mr. TyndalPs. 

The tubes, of smaller dimensions, which I have employed do not give 
indeed the splendid results which Mr. Tyndall presented to his delighted 
audience ; but these tubes are easier to set up and to clean : the mercury 
exhauster possesses moreover another advantage ; it allowed me to ascertain 
whether the gases were perfectly dry — a most essential point. 

As to the means of conveying the solar light, the process was the following. 
A broad mirror receives and rofiects horizontally a voluminous pencil of rays 
which is refracted by a lens 22 centimetres in diameter and of 40 centi- 
metres focal length. The luminous cone is enclosed in a metallic box, 
whence it issues to penetrate into the tube through the glass idate. The 
summits of the two cones, the converging and the diverging, are situated 
pretty nearly in the centre of the tube (A); the two cones are therefore easily 
visible when the modifications of tho bodies contained in the tube are pro- 
duced. It must not be forgotten that the periphery of the two cones is 
coloured, as we said before, iu consequence of tho non-achromatism of the 
large condensing lens. 

Tinder these circumstances I was very much surprised to see that a mix- 
ture of hydrogen and nitrogen, perfectly imre and dry, produced the reaction 
cloud. They had been dried by a very slow i)assagc through pounded glass 
which had been calcined and moistened with sulphuric acid, pure and highly 
concentrated. I changed the desiccating substance, and successively made 
use of potash, chloride of calcium, j)hosphoric acid, all recently melted. In 
tho three latter cases tho cloud did not appear ; the action w^as null, and the 
solar light passed unpcrcoived. What could tho sidplmria acid, then, convey ? 
evidently some little stdpJiicrous add ; for sidplmm acid is in fact a real 
oinittor of it, and alwa;. s adds a certain quantity of it to any pure gas 
which passes through it in ininuto and successive quantities ; and this acts 
in fact as an absorbent of the dissolved gas. Therefore hydrogen and nitro- 
gen cannot bo united by solar infiuonce wlien perfectly freed from other 
gases. But, in truth, what could tho action of the sulj)hurous gas bo ? 

I applied myself to a special study of sulx)hurous acid, and have ascertained 
how easy the decomposition of this gas is. As soon as the light passes through 
it, tho white cloud appears ; and if its manifestation is followed with care, it 
will easily be seen that it is produced not only at the summit of tho cones, 
hut likewise on tho blue poripheiy of the first part of the diverging cone, 
and in the interior of tho converging cone. I know of no body more 
sensible to luminous action ; and the use of condensed light seems hardly 
necessary for the purpose, since the cloud is formed at other points than the 
summit of tho cones* With this body it is certainly both easy and admirable to 
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behold tho colotircd ])aiids which form the outliiio of the conoB ; n»d thou cyon 
the violet rays (scarcely perceptible tiudor ordinary circiimstanoovs) can be easily 
Been in tho interior of the first cone. One may tlms easily folbnv and ncoonut 
for the varied Imos whiidi ibo whitish vii])onr asanmes when the variations of 
temx)oratiiro waft it about ibo cones, inlorminj^ded with the bimic streaks 
arising' IVom such portions of the gas as bav(^ not bei‘U tuded on. 

lb it to return In ibn snl]>lnirous acid: What was tlu' Hubstanee, bine at. 
first, then wbiiisli, 1 bus obtained? The two lines so dii for cut were merely 
th(3 eonsc(|nenoe of a differenco in diameiex' — the first line belonging to 
the bodies (perhaps ai^oms) precipiiai.ed in tho minutest, slate of division. Tho 
white and pearly colonrs appear when the diameter has siitHciently increased, 
and goes on still ineroasiug. These circiimst.anccs induced me to endca- 
voxir to measure this diameter, a thing feasible by difibrotii moans, but 
not with ease and facility by microscopic inspection, however ; for the small 
spark-like bodies move too rapidly through the held of the microscope. But 
there were other niolhocls. It may be lirsi observed that if you expose sul- 
phurous acitl for a Buffieicnt lengt.h of time to solar action, the ])ref5ipiiatcd 
Bubstanco becomes suhiciontly abundant for a sort of haze t.o liecoino per- 
ceptible in the t.ubo. A part of tlio gas has b(‘cn acted on ; and ibo two 
laminous cones, when moved about in the t.ubo, hud everywhere I'chccting 
precipitated moloculcs. If the tiiho is loft long onough, in repose and dark- 
ness, tho cloud collapses, forms a deposit, and the gas is restored to its primi- 
tive transparency. If at this ])oint the tube be again placed uiuhu' solar 
action, tho same successive phoiionieiia of Iia,zo and return to transparency 
may be repouted indolinitely, till there remains no more gas to bo decomjioscil, 
which is a very long iirocess, for tho very formation of the precipitate inter- 
cepts itself tho chemical rays which for in it- 
But since transparency has been produced, a deposit of molecules must 
have taken place j and in this case, if tho t-nbe romains in a horizontal posi- 
tion and a broad slip of glass bo placed inside it, it is on this slip that tho 
molecules will bo found. Their diameter might then be measured, eithtu' di- 
rectly or by tho rings of dilfmetion ; but unfortunatily it became impossible t o 
nso this expedient : tho sulphur was dissolved by sulplmric acid ; and instcaul 
of tho molecules which I expected to find, very simill drops only were per- 
coivocl. But novcsrthelcss it was ])OHsible to obtain the molecules of sul- 
phur in largo quantities, and to submit it to all rcHiuisito reactions so as to 
rocognisso it completely. It is sudicient to jdaco in tho tube aft-er the 
sulphurous acid three or five cubic coiiUmcii*(‘H of distilled water ; and aftor 
the solar rays have sudunoiitly acted on tbo gas, tho tube is then sliaken ; 
the water disHolvcB the sulphuric acid and remders it powerbsss for dissolving 
tho preci]>itate(l Bul])hur ; the water thou becomes milky and ilu^ Kul])bm‘ 
is collected. It is thou boiled in a fimall glass vosstd (to drivi^ out the snl- 
phixrouB gas) and filtered in order to colb^ct the Bul])iiur 5 tlie wn.ior then 
gives abundant proof of the presence of flnlplunic ncid 
The atoms of the moloculcs of sulphurous acid arc thereforo not able to 
support the shock of the unduhitious of tho chemical rays ; they divide into 

sulphur and sulphuric acid, 3 SO^ssB-f SSO’’’ (and from the form 

they change to iii which state they arc able to resist the shock of 

the chemical rays) ; but they exhibit other phenomena, to which I shall return 
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a little rurtlicr on. During sixteen days of uninterrupted sunshine, frouj tho 
14® to tho 31st of July, I exposed to solar light 1900 cubic centimetres of 
sulphurous acid in a tube of 2000 cubic coutimotres capacity ; and tho 
decomposing action was, after that lapse of time, being still carried on in an 
always sensible and wonderful manner. It w^as evident that every day the 
solar action was only partial ; it stopped as soon as tho prceii)itated molccnles 
of sulphur in motion in the tube were abundant enoiigli to intercept all tho 
chemical rays as an opaqno screen. 

Tho action of light on sulidmric acid was interesting to study ; it is one of 
tho most beautiful and instnietivo experiments which can be executed. It 
smokos abundantly on exposure to air ; and this cfTect is attributed to tho 
absorption of aqueous vapour by this substance. This is not a correct ex- 
planation, since in a perfectly dry vacuum the same plionomcnoii takes place. 
In tho tuloe with a dry vacuum of -1 to of a millimetre I had introduced a 
very fine thin tube containing anhydrous sulphuric acid. ^Yhen I broke the 
tube, tho little explosion, and certainly tho great and sudden expansion of 
tho Bixbstance, scattered about the vapour of the siilidmrio acid, which, owing 
to tho cold generated, was condensed into a white cloud, and appeared with a 
dazisling rcsxdoiidcncy in the luminous cones. Hero the chemical raj’S are 
powerless, they cannot destroy what they have produced. There is no more 
decomposition, but sulphuric acid is, if I may use tho comparison, like water 
in tho vesicular stale in a cooled medium through wMch heat is about to pene- 
trate. Insensible to tho chemical rays, tho sulphuric acid absorbs the calorific 
rays, on tho contrary, wdth prodigious energy. This absorption is so perfect 
that all molecular motion ceases instantly. The molecules remain motionless, 
as if busy in absorbing tbo heat ; and, as aqueous vapour does when heated, 
they pass into tho state of a transparent gas, assuming previously to their 
apparent annihilation all the most magnificent hues. If during the operation 
the cook is rapidly opened and immediately closed, the great movement 
of molecules so rapidly and so energetically produced ceases at once, by 
tho absorption of the heat. 

This invisible vapour, wdicn still further and sufficiently heated, will have 
its component atoms so shaken by the amplitude of their new oscillatory 
vibi-ations that they will bo removed beyond t ])0 radius of their sphere of ac- 
tion, and tlio molocnhir edifice of sulphuric acid is (in its turn) destroyed. 

I am afraid of fatiguing the attention oC my hearers if I dcwclopo at a 
groaier length the details of various experimeni s ina(l(^ with alai'go number of 
gases and va])Ours. Wo must stop hero. Yet wlnit 3’(^su1is fire to be jioiod ! 

Thus, for iiisiaiico, in Ihc most nutunil, }>erlu'ipH, oi’ all the groups that 
constitute tho family of metalloids (that which eompriscis chlorine, bromine, 
iodine, fluorine) eirangv^ anojuulies arc o])sci’vc}d. Chlorine and hydrogen 
unite under tho action of chemical rays and form hydrochloric acid. Tho 
latter, either dry or humid, and prepared with pure crystals of mineral salt 
of chloride of sodium, cannot be decomposed by <‘hcmical rays of solar light ; 
wdicrcas liydriodic acid, on tho contrary, can be decomposed; it is true (and 
tins eironmstanco must not bo overlooked) it is very difficult to procure this 
gas free from atmospheric air. A cinious circumstance in tho examination of 
hydriodic acid is, that tho first shock of light frees part of the iodine, which 
appeal’s with its peculiar violet hue at tho summit of tlio cones, amidst the 
movements which destroy tho molecular edifices — movements, perhaps, pro- 
duced by tho calorific rays only. 

Bromine presents the peculiarity, that (as in tho case of hydrogen with 
chlorine) if pure and dry hydrogen is introduced with a small quantity of 
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bromine into the little tube •which is placed inside the cylinder previonsly to tho 
experiment, and •which is broken before it is submitted to solar action, «®;or 
a few seconds tho brownish colour of the bromine disappears and hydrobromio 
acid is formed, smoking abundantly on contact with atmospheric air. 

I could inorcaso still further tho list of bodies submitted to this interesting 
means of investigation and oxpennient. I shall limit myself to a stiminary of 
the ihoorctical considerations ^Yhich theso facts haVo impressed on my mind. 

Wo know that tho calorific, luminous, and chemical rays arc ])k(ied side by 
side and arc oven intermingled in the solar spectrum, with midulatory lengths 
sticcossivoly decreasing. 

Now all chemical bodies may be classed in two series : the fii’st (having sul- 
phurous acid for prototype) comprises all bodies formed under the action of 
calorific rays ; tho second (having hydrochloric acid for prototype) comprises 
all bodies formed by tho chemical rays. 

Tho following aro the conclusions which tho foregoing facts induce mo to 
admit : — - 

If a body is formed and maintained under certain oscillatory conditions, 
tho peculiar oscillations of tho atoms which constitute its moloeuloH must 
differ from those of tho medium in which tho body has been produced. But 
if this body is transferred into another medium in which it meets with oscil- 
lations isochronous to those of its own atoms, these oscillations increase, and 
the vis viva which tho atoms acquire may become so great as to drive tho 
atoms beyond the radius of their sphere of action ; tho atomic odilico is de- 
molished ; and as tho constitutive atoms preserve, novorthcless, their peculiar 
affinities, they form a now edifice adapted to tho oscillatory conditions in 
which they aro now situated. Thus they escape tho shocks of tho generating 
medium, by ceasing to vibrato synchronously with it, exactly as an elastic 
sonorous body docs not vibrato and gives no sound when the aerial vibrations 
which strike it are not synchronous with those which it is capable of re- 
producing. But if tho now edifice is again submitted to the action of other 
synchronous rays it is again demolished. 

Most curious evolutions ! They seem to ask of the chemist ; — 

1°. Under what peculiar cii'cumstances and infix|ences aro bodies formed ? 

2<>. Under what vibrations precisely do their atoms OBcDlato ? 

8®. Finally, under tho action of what other vibrations may tho molecular 
edifice bo destroyed ? 

Oisono, and all bodies capable of uniting thomeelves with other bodies, 
would bo simply molecules whoso atoms aro possessed of a via viva fsidlicdent 
to animate and set in motion tho atoms of the other bodies with which 
they unite thomsolvcs. 

Will a sim 2 >le body, oven, always remain such to ns, if it bocomo poHsiblo 
to discover what oscillations havo assembled the atoms of its constitiitivis 
molecule, and what can destroy it ? 

Such is tho question which future lovers of nature and science may bo one 
day enabled to solve. 

One word more, upon a probable conjecture. 

I have often seen that, under some circumstances not yet dotermined by mo, 
the concentrated action of solar light is not without effect upon atmosphono air. 
In such case an appreciable whitish-blue colour is produced ; might it not, 
then, be presumed that the fine whitish-blue vapour which in Alpine 
• valleys bathes the foot of a mountain is produced by tho action of a 
brightly luminous sky under favourable and unlmown circumstances of heat, 
light, and aqueous vapour? 
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^ OnFossiU obtained at Kiltorkan Quarry ^ Co. Kilkenny. 

By Wm. Hellier Baily^ F.L.S.^ F.G,S. 

Tais celebrated fossil locality, in the Upper Old Bod Sandstone, is situated 
between Kilkenny and Waterford, about six miles south of Tliomastown and 
a mile south-east of Eallyhalo, on a ridg-c of Old-Bod-Sandstone hills rising 
gently from boneatli the Carboniferous Limestone plain to heights of from 400 
to 500 foot above the sea-level, and Sometimes to even 800 feet, as near the 
boundary of the parishes of Bcrrjmaliinch and Jorpoint West* 

This quarry has been visited from time to time by private individuals, by 
the representatives of scientific societies in Dublin, and by the officers of the 
Geological Survey of Ireland, on all which occasions it has furnished some 
'most interesting fossils, remarkable for their preservation and beauty, each 
time yielding specimens cither new to science or such as would assist in 
elucidating those already collected. 

At the meeting of this Association in Korwich last year, I advocated the 
importance of further excavations at this place, and applied for a grant of 
£40 towards that object ; £20 was, however, the only amount voted. 1 felt 
some hesitation in accepting this sum in consequence of its insufficiency to 
carry out the extent of excavation I had intended ; and had I not been aided 
by the Geological Survey, it would have been comparatively useless to attempt 
reopening this quarry with the sum placed at my disposal. 

I did, however, proceed there last month, accompanied by an efficient and 
zealous assistant, Mr, A. MUfenry, and provided with tools, such as bars 
and picks, for excavating with vigour. We were engaged for a fortnight, 
working most laboriously ; and fortunately we had very favourable weather, 
except that it was extremely hot in this exposed situation for the heavy 
work we were occupied upon. 

Wo engaged the services of two men, who ahly assisted in removing the 
superficial soil and unproductive strata to the depth of about four or five feet, 
which was carted away at once ; and we calculated that the total quantity 
removed in this manner and excavated by us amounted to at least 200 loads 
of stono and rubbish. 

The character of the hods beneath this superficial covering, a fine-grained 
greenish sandstone, admitted of great facility in worldng, splitting up into 
layers, sometimes of largo size ; occasionally, however, it is much cut wp by 
joints and small dislocations, which prevents its being worked so readily. 
Some of tho surfaces of these layers are covered by plant-remains ; and when 
first opened tho fossils aro most beautifully oxbibited, tis, from tho dampness 
of tho stono, their darker colour makes them appear very consiucuously. 

Tho following is an enumeration of the fossil plants observed : — 

Falmopteris Hlhcrma, originally named by Prof. Edward Eorbes Cyc/o- 
liihernica, then referred to Adkmtites by Brongniart, and now placed 
by Prof. Schimper in his genus Vulaiojpiem^ilxo name signifyingftwci>i;i/€'r3?, 
in allusion to the antiquity of its typo and its first appearance with the 'most 
ancient terrestrial vegetables known, before the commencement of the Coal 
period^, that celebrated author on fossil plants observing that it differs 
from Cyclojptem in tho arrangement of its leaflets &c., and from Adiantidcs 
(Adiantites) in its modo of fructification. 

Two other ferns have been collected from this place ; they are, however, 
of less frequent occurrence. One of these has already boon brought before 
tho notice of the momhers of this Association, and described by me as 
m^Uris Hooken; tho other, an undescribed species, I propose to name 

* Traits de Pal^onfcologie Vdg6talo &o,, par W. Ph. Sfchimper. Paris, 1860. 
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JSjfJienopierk Ihimphn'i^iamt^ after a gentleman (iMr, IL T. irum]>lireyK) who 
worked most indofatigably at this quarry, from wliitdi h(5 obtained a largo 
collection of valuable spt'cimcns. 

On our late visit wo ft>rtiinat(' enough to ]>rocure ]>erha[>H the finest 
Bjmeimen o:xtant Pttltvoptem Jllhurmat^ measuring about four fad, in bmgth, 
with its Irtse of attacbnuait and fertile pinnules shown al- lh(‘ lower ])ortion, 

A few fragnionls only of Sjithvno/ifrris Honhu'rl weu' colhadred ; hut we ob- 
tained a finer t^xaniplo of 8. ihan/tlurtilana tluin Jiny Hint had been befonnne.t 
with, being a branch or sioinmth several alternaiing pinnules arranged upon it. 

Largo eios<dy tinted stems, which T had formerly rega-rded as iMjitig idtm- 
iioal with Bitgciutna Velihnmlana, and xvliieh, with otliers of n, somewhat 
similar character, Dr. Hanghton has described under the name of Otfelosfli/hitf, 
are also of frequent occurrence at this qnarry : one of tliese sti^nis measureil 
six feet in length, with a diameter of six iindies at its lower ]iortion, and 
oven llion its commonciancnt or termination could not bo ascertuined ; the 
tipper portion of this plant having divergent hranehes, was considensl to bo 
a distinct s]) 0 cies, and referred to fjephhthndt'on, Its fruit, of 

which wo obtained rciiiarkably fine specimens, is a (‘oiu^-like body, formed of 
elongated scales, sonu) of the dotachod ones showing viTy largo and distinct 
sporulcH at their base ; to these are appmded long gruss-liko or linear leaves ; 
it is remarkatdc, as Dr, Hchimpor observes, from Iho fact that no oiluw s]io- 
oios of Lejiidodeiidroii of which the fruits arc known have such large spornles. 
That gonthmiau, ihrough whom we senl. a small colledion oi' tliese fossils 
to the Museum d’liisioire JNfatim'lle of 8lras])ourg, of which he is the Di- 
rector, has done mo the honour to name ibis timuirkahlc ]dant afior me, ns 
he considers it disliiiet from Hiujeutn'hf Velfhanvioxf, especially in the form 
of tho scales of the fruit, a part, which I lind not the opportunity of exa- 
mining in tho latter species. 

Masses of roots with rootlets attached, siieh as 1 had ohservcHl in 
Humphreys’s colloctioii, and which ho assured nu^ were connect ed with tho 
last-mentioned stem, were obtained hy us from a htnl whieli ivuB pcnneiited 
hy fossils of this character, 

Tho only example of mollnsca found assooiat.ed with th(*HO fossils, and of 
which wo obtained good specimens, is the largo bivalve named Anmhnda 
J'ukesti hy Trof. Edw. Eorhos, after tho Director of our Burvey in Trclmub 
whoso loss, hy death, wo have had so lately to deplore. This shell is not 
nnfrequent, and is so closely allied to tho rc^cent Hwan Muscle, A^iudimht 
cpfjnmts of our freshwater rivers, tliut it heconuis a valuabh^ auxiliary to- 
wards the presumption as to iho freshwater origin of this diqjosit. It is, 
however, amongst iho class OruHtacoa, especially ihati (»f t.la^ Ktnypitnhhn 
and Pliyllopodai, Hint tho most important additions have been nuui<^ to tho 
list of organic remains from this locality hy tmr late visil,. 

In one of tho eaidicst coDoetions of fossils made hy Hie Deologu'ul Bnrvey 
at this plaoo, a specimen was obtained, portion of a thoracic, or body-Mcginfait, 
ornamented wdth the peculiar scalo-liko markings cliaracteristic of these Crus- 
tacea: this specimen was labelled hy the late Mr. Balter E\mjpkniii1 
with a qxiery as to tho genus. In tho Journal of tho Geological Boeiety, vol xv. 
p. 229, the same palseontologist, in a paper on some species of 
alludes to this specimen, which ho figures as being probably identical with 
J^urypterus7 (Hibbert), a Coal-measuro species from near Glasgow. 

We have since met with other portions which favours the belief that this 
specimen belongs to Pkrygotus and not Eapypterm, Amongst the collection 
just made are two which appear to be heads, although they are not clearly 
defined $ also a more definite but small example of the' basal lomt of a 
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swimming- foot (eciogMitlf) , showing Tory clearly the toothed edges of this 
masticatory and locomotive organ, another specimen being apparently the 
lower portion of a similar appendage. In a previous coUeotion made by the 
Geological Survey are specimens showing the pincers or chelm ; in one of 
tlioso the curved points of both rami are preserved ; the upper one is seen to 
be armed with two largo tooth-liko projections \ the lower one being imper- 
feot does not show the eorresponding parts. 

It is possible all those fragments may belong to one species, which I propose 
to name Ptcry<jotm Hihemlcus, Another and distinct crustacean is shown in 
a well-marlced head (or carapace), to which is attached portions of two of 
the thoracic segments. This specimen I fortunately picked up amongst the 
debris of the quarry immediately after visiting it. The form of this head, 
with its central arched divisions, to which the eyes are attached, is not very 
unlike that of a species of Belinurm from the Coal-measures ; it is also pro- 
vided with a border, and its posterior portion terminates on each side in a short 
spine. I have provisionally named tins species Beliniims ? Kiltorlcensis, 

Borne detached body-segments, which were also procured at the same 
time in the progress of excavation (one of the specimens showing two entire 
segments, with portions of two others united), may possibly have belonged to 
the above species. 

In a former collection from tins place made by the Geological Survey, 
there are three well-defined examples of the detached carapace of a shrimp- 
like crustacean, which in shape approaches more nearly to that of the Silu- 
rian than to any of tho Carboniferous species, and most nearly to Jhjmeno- 
cans of the Lingula-bods. The anterior margin is broad and produced, 
giving it a curved outline, having a sinus ranning somewhat parallel and 
near to it, which is marked near tho centre by a small elongated depression ; 
the surfaoos of these fossils are covered by fine labyrinthine markings. One 
of tho fossils recently collected, although differing in shape (which may have 
arisen from pressure), is probably a carapace of the same species, it being 
also marked by a similar sculpturing. Some of the detached segments may 
also belong to this species, which, from its peculiar prow-shaped carapace, 
I propose to name Frorkaris MacHenriei, 

Of fish-remains wo were not successful in obtaining many examples on 
this visit, a few detached scales only having been mot with ; those formerly 
collected are of groat interest, and wo had hoped to have met with specimens 
which might have thrown a better light npon some before collected; in this 
wo were disappointed, but do not despair if another opportunity offers for a 
more extensive excavation. The fisli-remanis already obtained consist of 
large conical tooth, rcscmibling those of Bendrodns or Boihnolepis, detached 
scales, and a largo portion of a fish which appears to bo identical with Qhjp^ 
tolejm elegans. Tho majority, however, appear to ho referable to OocmieuSy 
some of thorn very closely resomliling G* deerpkns^ Ag., especially a mass of 
plates in juxtaposition, showing the under sides ; they consist, for tho most 
part, of detached plates, and jaws with teeth, which also resemble very much 
corresponding parts hgured by Professor Agassiz in his Old-Ecd-Sandstono fish. 
There are also many detached smaller plates, and others with several plates 
united, which may possibly belong to Ftericlithys ; as some of tho latter arc in 
Prof. Huxley’s hands, we may expect some valuable information about them. 

With respect to the disposal of tho specimens, a large number of which 
were collected, I would beg to suggest that tho new species and those 
required for working out details, should be retained for the Geological Survey^s 
collection in Ireland, and tho duplicates distributed to such public insti- 
tutions as it may bo thought desirable to present them to. 
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Report of the Lunar Committee for Mapping the Surface, of the Moon^ 
Dratmi up bgW, 11, Btet, at the request of the GommUtee^ consisting 
o/ James CtlaisiieHj Fdi.S.^ Lord IIosse, FJi.S., Sir J* llifiiisciiKL, 
Bart.) FJtS.j Professor Phillips, FJtS.) Rev, C. .PiiircuAiu), 
FJIS.) IIuornNs, FILS., W. li. aiiovio, FllS.) Warren Le 
.L, v (j, ILtooKE, FJIS.) llcv. W, Wluh, F.ltJ.S.) 

lloiT Scum IDT, Adiuirnl .Manners, President of the Rogal Astro>- 
nondcat Society j Liciii.-CoL Strange, FALB., and VI* 11. Birt, 
FR^A.S* 

Ik presenting tlio lleport of tlio proceedings of tlio Lunar Committee re- 
appointed at NorAvicli, it is desirable to refer as brielly us possible to tbo 
progress of scion ographical rescarcli during the entire existence of the 
Committee. Binco the Mooting of the British ABsociatioii at Binningham 
four areas of the moon’s surface, each of rp in extent both of longitude and 
latitude, have been carefully and critically surveyed, not so much by the 
determinations of positions (the means at the dis 2 )osal of the Committe<^ 
being inadequate for instrumental and com])utativo labour, which could only 
be carried on in an establishment exclusively devoted to such an object, the 
cost of which would far exceed the grants with which the Association has 
aided the work) us in an examination of the physical {isjKicts of 100 S( 2 Uuro 
degrees of the moon’s surface ])y means of the eomiuirisou and measureinont 
of idiotograius, combined Moth observation at tlio tele8co]>o, by sciveral 
observers in concert. OuUines of tlio objects thus surveyed ha.vc been laid 
down on the orthographical lU’ojection on a scale of 200 inches to Uu'. moon’s 
diameter. The area thus surveyed includes 443 objects; a catalogue of 
these objects has boon prepared containing numerous solem>gra 2 )hicul and 
sclonological notices, those of the throe areas complettKl previous to the re- 
appointment of the Committee having ai)peared in the Api)cndiccs to the 
lloports of 180G and 1808. 

One of the principal objects which has been kept steadily in view is such 
a description of lunar features that at any future time the similarity of the 
description with the state of any particular crater, mountain, (fee., or a depar- 
ture therefrom, may be readily ascertained. The great (piestion of continued 
lunar change, either transient or permanent, as (ionirusted with apparent 
change dependent upon illuminaiing and visual angles, is one more liktdy for 
posterity to settle. If, in gcologiciul scienco, a rt'gion undergoing a Htudks of 
changes (during the progress of which, through along period of gindogicui 
time, lakes have been drained, voIcuuoh have hurst furtli, exiensivo plateaus 
of igneous ejections formed, and vast demidatiuns of softer matenaJs (‘ilecTed) 
has retained its grander and more imposing features in their integrity, ho in 
sclonological science w^o may look for small, and in many cases to us almost 
inapproeiablo changes in and around woH-recognizod and imposing lunar 
forms, than expect to witness the obliteration of some very stiiking olyect im 
an evidence of change. The following arc extracts from the catalogue of 
the area completed dimng the past year. 

The boundaries of Mipparchus differ materially from those of ordinary 
walled plains, and the cliffs on the S.W. are very unlike those of a circular 
form, inclosing largo circular plains, as may bo seen in tlio neighbouring 
formation Ftolemcens* They present the appearance of having suffered 
erosion, the character of the S.W. side of these cliffs being remarkably 
different from the exteriors of largo rings, orators, and plains. TIicbo 
features, combinod with tho gradations of levol observable in the floors of 
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lUjpparcJim^ IV A.® and tho Medli, tend to invest them -with, peculiar 
interest. Tho apparent cutting away of tho higher ground forming the E. 
slope of Iliml, the projection boyoncl the general line of cliffs of the 
border of Jfatlef/, tho indentations of tho cMs IT.W. of Halley by the ravines 
scoring tho E. slope of Hindy tho general integrity of the cliffs S.E. of Halley^ 
and tho absence of similar indentations (these cliffs being cut through in one 
instance by a fault and in another scored by an apparent lava-channel) are 
phenomena which do not generally characterize walled plains. It is extremely 
difficult in the present state of onr knowledge oven to conjecture the kind of 
agencies which have operated in the production of a line of cliffs analogous in 
many respects to a terrestrial coast-lino. One thing, however, appears to be 
certain, viz. the anterior existence of the E. slope of Hincl as regards both 
Halley and tho line of cliffs, while the fault and lava-channel on the S.E. are 
apparently more recent than tho cliffs in which they occur.’’ 

Hinjd is situated just W. of tho fault IV IV A^ and occupies tho 
highest point of the moimtain-rango IV A’’ 7. xhe slopes around it are of 
very different characters. On the S.E., E., and IT.E. tho exterior slope is 
grooved or furrowed with well-marked radiating valleys, while on tho S.W. 
and ]Sr. the slope is uninterrupted and destitute of any radiating markings. 
The more recent production of Hind, as compared with the fault on the E., is 
indicated by tho valleys on its flank cutting through tho fault. The posteri- 
ority of tho formation of Halley, as well as the production of the depression 
IV A’’ 24 and tho low floor of Hlpparchxis, is strongly suggested by the land 
on which tho grooved valleys occiir being penetrated by Halley on the one 
hand, and abruptly terminated on the other by the depression IV A’’ 24 and 
tho valley IV A’’ on the S.E,, and the cliff IV A’’ forming the S.^V. 
border of HippanTius on the !N‘.E. The remarkable smoothness of the floor of 
Hipparchus in close proximity with the cliffs is very significant,” 

The slope of Hind on the S.E., E., and IsT.E., with its valley- like furrows 
and interrupted continuity by Halley, and the cliffs on the S.W. of Hippar^ 
elms before mentioned, may be advantageously compared with the crater 
Aristdlus on the Palus Nehularum, which to all appearance now exists in its 
primeval state surrounded by its furrowed flanks, extending far on tho 
surfaces both of the Palus Helmlarwn and tho Pakis Piitredinis, Only a 
small portion of tho flank of Hind remains, tho outer portions having been 
cut off by the more recent formations. It is not a little remarkable that tho 
cliff IV A’’ should bo so distinct and precipitous in tho neighbourhood of a 
crater partly surrounded by the remnant of a f unwed slope ; and it is 
difflcxxlt to conceive with such phenomena, that ejecta from a volcano such as 
Hind appears to bo, should oxtoud no further than so precipitous a cliff as the 
S.W* border of Hipjmrchis, Tho order of production appears to bo as 
follows : — tho fault on tho ray from Tycho, Hind, Halley, It is probable 
that tho production of tho floor of Hipparchus occurred at a still later epoch, 
^ ^ The highest portion of tho region in which Hind and Halley have 
boon opened boars some resemblance to the granitic plateau of central 
Prance.” 

A very strong indication of tho protrusion of Halley, subsequent to the 
formation of tho valley IV A^27^ XV KP and IV A^ supposing the throe 
portions were once connected, is afforded by the valley being complotoly 
Uoched on the hT.F.E. and S.S.W. by the E.S.E. rim of Halley, Mr. Ingall, 
on June 26 , 1866 , pointed out to me the connexion of the valleys IST.KE. and 
S.S.V. of Halley, At first sight this connexion might appear to be in 
direction only. The valley IV M ^ is certainly closed, as appears on the 
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pliotograms, at ilio B.W. end by ilio angle formed by tlio N.E. ])order of 
Mallet/, The posteriority of the epoeh of the valley IV iV and 
IV to that o£ Ilind is strongly iudienlod by the continniiy of the KE, 
slo ])0 of Iliud being' interrupted by the valley, nmeh in the samts wi\y i\h the 
is by the cliff 1 V A’’ Wo may trace hero with givai probalnlity the 
following sc‘(inen(M\s of formations — 1”, that of the high land 1 V '* ; 2'’, the 
fanit IV A^ IV A^*'’“; the protrusion of IHhaI ; the format hm of 
the VJiJley JV IV IV (several valleys luH’eubout are nearly 

parallel with this) ; 5", the fonnation of the clilf IV the protrusion 

of IJ((l!ei / ; a,n<l 7'^ the cleft or wall ou the E. of IV A’’ which is the highest 
in th(3 locality.” 

^‘Thc exactiLudo of direction of certain linos of valleys and monniains on 
opposite sides of Ilq^iarchus indicate a more recent 0 ]»oeh for the formation 
of the floor of Jlq^pcirchKs than for the production of the valleys and moun- 
tains on the lines spociliod. Tn connexion with these eircnmstances the 
following questions suggest themselves. Does the general pandlelLsm of the 
lines of mountains and valleys in the neighbonrhood ot J ft/ tpanJum point to 
contemporaneity of origin ? Has the prc'seiit floor of JUj^parehm^i resulted 
from a snhsttlcncCi by Avhich the Ibrnier surface was deprcisscd below ibo 
surrounding levels ? There are some indications that, prior to the production 
of the fault IV A’’ IV IV" the surfaces E. and AV. of it Avero at 
the same level. AVas this the level at which tho valleys and mountains 
above alluded to wei'o coniinuons? and has tho stirfaeo between them, as well 
as tlic Jloor of I/ip/nurltiai, generally become dej)rcssed below its former 
level? If so, it would appear that Jht'nhV was r)pent}d u])on this former 
irregular surface; and it may he interesting to iuqiiiro further as to Avhat 
may have bccutno of the portions of the mountaius and valhys Avhich have 
disappeared. This question may be vmy difficult to answer, especially in 
the very imperfect state of onr seloiiographical knoAvlodgo,” 

** There is some reason to beliovo that Jiornnv was not the only crater 
opened on this pai't of Ifipparelim previous to tho supposed epoch of de- 
pression. Tho curved mountain-chain IV A< presents all the characters of 
an ancient and nearly Mod crater, slightly exceeding JJonv^v in size. Nearly 
half tho ring is left, two craterlets are opened in tho lino of wall, and tho 
surface Avliich is traversed by ti cleft is slightly depressed below the level of 
tho surrounding floor of lllppnrclvm. It is one of those instances which 
Webb, in his paper on the Moon (Erasers Magayjne, Hept. 1808), refers to 
*of cavities in proximity to tho grey plains having iuterions so Hat, so grey, 
BO identical in. appcariuico {lud loved with tho phiin, that lumlly a tlouht 
remains of their having heoii subsequently filled up hy intrusive matlcu* of 
the same origin and under tho same jjresHuro as that around tbmn/ If 
IV A^^"^ bo a nearly submerged crater, and tho lines of mountains atKlvalloya 
on opposite sides of lllppanlim were onoo eoniinuous, ilu^ intermediiite 
portions having also been submerged, the question to bo resolved is—Whemeo 
came tho material which has ofFocted tho sulmiergence? Th<3 whole of the 
floor of Eipparchuii, as compared with the surrounding furmatioiiH, sirotigly 
exhibits indications of change of level ; it is comparatively smooth, and of 
different rofloctivo powers. The most striking difference of bvel occurs near 
the cliff IV A’’ and tho mountains IV and IV A^ Hoes this at all 
point to a subsidence of tho floor of MLipparclmSi accompanied liy an invasion 
of intrusive matter? Instances of subsidence may bo found on the moon*; 
BtraigU wall may bo quoted, tho surface on tho E. being at a lower level 
(about 1000 feet) than that on tho W. Tho plain of Brit* 
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Assoc. 1865, x'>* appears to bo a dq)ressed surface S. of the cleft of 
Ariadeevs, tlio K. side being at a higber level. In like manner a portion of 
the surface N.E. of the lino of clifOs homFtolemams to Fitter and Sabine may 
bavo subsided and produced ibe depressed region known as Ilip^parclmBP 
While areas of depression, if not of subsidence, can bo traced on the 
surface of tbo moon, and also the presence of a material wbicb has invaded 
such regions and in many instances nearly buried preexisting craters and 
other objects, it is not so easy to ascertain •whence this material came; still 
closer scrutiny is indispensable to throAV further light upon it.^’ 

“ In numerous portions of the moon’s surface, as on that of the earth, we 
behold the results of the operation of two o];)posiag forces, — one by which the 
features are moulded and, as it were, built up, imparting to the objects so 
produced an aspect of freshness that it is impossible to question their com^ 
parative recent production ; the other by which objects once possessing all 
the characteristics of a recent formation have yielded, it may have been 
gradually, to surrounding influences, whntcvcr they may have been, so that 
at the ]3resont time they exhibit the semblance of vast ruins, which in some 
localities are unrelieved by even the slightest indication of the operation of a 
force of an oj)posito character.” 

“ Webb, in his very masterly pax^or on the Moon, in < Eraser’s Magazine ’ for 
September 1868, speaks of the possibility that the colossal lunar formations 
may have been the result of forces acting in a more gradual manner and 
with less temporary vehemence than may seem to comport with the term 
explosion. It may bo that astronomers may have paid much more attention 
to those lunar features which are clearly the results of explosive action than 
to those which manifest the presence of a degrading agency. It has been 
considered that many of the larger forms have boon produced by rapid, 
violent, and tumultuary processes ; and, however true this view may be, it 
is certainly inadequate to account for the x>resent appearances of still larger 
tracts in which no explosive outburst of an epoch which may in any sense 
be called recent occurs. Nearly filled as well as broken rings, interrupted 
mountain-chains, and comparatively smooth tracts without any well-defined 
boundaries are characteristic of such regions ; and it may be asked in what 
manner and by what agency have they attained their xn’esent condition? 
Has the ^ erovsion ’ of Chacornac destroyed the missing portions of the broken 
rings ? and has this ^erosion’ acted suddenly or cjraduafhj’^ Has the ‘diluvial,’ 
restricted by Webb to tlic expression of comparative fluidity, independent of 
the nature of the material, invaded and nearly filled previously dee^ craters, 
so as to furnish a connected series of well-known forms, from the smooth, 
floored, walled the just perceptible ring above the surface? Has 

this same ‘diluvial’ buried the lower portions and the lateral spurs of 
continuous mountain-cliains, so that now the higher portions alone remain 
as short and detached ranges in the original lino? Ono cannot help con*- 
trasting the continental region, to use a terrestrial analogy, in which this 
area lY A’’ occurs, with tho magnificent chains of the Apemiines and Hmmm^ 
and tho lower and smooth levels of the Marc Imhium and Mare Screnitatis^ 
as exhibiting in a very marked degree the results of the forces already men- 
tioned. In the latter wo see the effects of comparative recent action in tho 
production of vast mountain-chains and the neighbouring extensive level 
plains. In the foi-iner these grand features arc wanting; the surface, 
although far from being smooth as that of the Maria^ is roughened only with 
tho remains of former mountains, rings, and craters ; the degrading agency, 
whatever it may have been, appears to have operated almost tmchecked in 
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tMs region, and it is a subject of interesting inquiry as to how this state of 
things has been eifeoted. Has the iilling up, has tho wearing down, if such 
is tho case, been gradual? and what forces have been concerned in producing 
tho mutilated forms wo now obsoiwo ? 

Brightness and colour may ultimately become keys by means of which a 
better acquaintance may be obtained with tho chronological Rcquencti of lunar 
formations. Chacornac refers the great continental formations to an epoch 
anterior to that of tho production of the great plains, tins, again, being anterior 
to tho period of explosive energy, contributing to tho existence of numerous 
objects, such a>s bowLshaped craters and smaller blow-holes, within tho 
interior of which no intrusive matter is found. Ecferencc, liowcver, is not 
prominently made to objects in mountainous regions similar to those which 
wo find in various portions of the great xdains, viz. partly buried eraters and 
partially destroyed rings, of which we have evidence in this and adjoining 
areas to tho AV. Tho contrast of the general colour of the surface hereabout, 
as compared wdth that of tho grey i>lains, its mottled and rugged aspect, 
arivsing probably from its altered character from that which it possessed at 
a still earlier epoch, the absence of that sharpness of outline in its remaining 
morxntaiii-poaks or ranges so characteristic of those which we find nearer to 
and often on tho grey jilains, together testify to a much earlier epoch than 
ovon that of tho production of the partly filled rings on the grey plains. 
Bright, white, glistening surfaces, more or less in tho neighbourhood of 
bowl-shapod craters/ and dark patches of deep grey approaching black, appear 
alike to indicate tho most recent formations — the first, it may ho, from loose 
fragmentary incoherent materials ejected from adjacent orators ; tho last 
from substances in a state at least of comparative fluidity, wdiieh have escaped 
from tho interior reservoirs at tho times of eruption. Phillips compares tho 
bright glistening region of Aristarchus to one in which xvJdte trachyte abounds ; 
and many of the basalts in terrestrial volcanic regions present a dark colour. 
Between tho brightest and darkest of such limited areas on tho moon^s surface 
every gTadation of intermediate tint occurs ; and from a careful consideration 
of tho physical aspect of those regions which, on the one hand, I'otlect con- 
siderably less light than tho brighter, and on tho other considci'ably more 
than the darker, it may he inferred that such regions are amongst tho most 
ancient of lunar formations.” 

A very ancient formation lias boon traced on area lY A’’, tho earliest state 
of which is considered to have boon TG17 similar to many of the more roeeut 
districts, siicli as those in which perfect craters and mountainouH regions 
intermingle. Tho first change which appears to have taken, plae<^ 0!i this 
formation is that of tho production of a grey plain, trnc(\s of which still exist. 
Tho material of this plain appears to have invaded eoriaiti cra,t<‘rs, hroaki ng 
down tho walls of those imraodiatoly facing tho plain, and partially filling 
others, Tho next change appears to have been of an elovatoTj character, 
the evidences consisting of a lino of low mountains which has in a great 
measure obliterated tho characteristics of a groy plain and introduced those 
more in accordance with an ancient district, which arc strikingly in contrast 
with the features of tho more recent craters to tho E. Tho only instance of 
volcanic outburst on this ancient district consists of a chain of cratorlots of 
quite ait insignificant character. 

The determination of tho successive changes before alluded to rests on tho 
strong indications, afforded by the careful study of photograras, of tho priority 
and posteriority of well-marked features, which can only bo realized by 
contemplating the lunar picture in tho seclusion of the study. While the 
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telescopic view' is far superior to the photographic, the continual changes of 
illuminating and visual angle prevent that appreciation of the relations of 
different features to certain epochs of production which can he so well studied 
in the photogram; the detail thus seized upon by the aid of photography is 
vividly realized by the eye at the telescope when the surface of the moon is 
suitably illuminated. 

While engaged upon area lY A*’ I have met with a remarkable instance of 
difference between Do La Euo’s photogram, Peb. 22, 1858, and Eutherford's, 
March 6, 1865. Lohrmann figures a plain, bounded on the W. by a moun- 
tain-chain on which he gives a little crater, which he numbers 51. In 
De La Eue’s photogram the crater, which appears to be shallow, is exactly in 
the position given by Lohrmann. Not a veatige of this crater is to he discerned 
on Rutherfords photogram seven years later \ Both photograms arc under 
nearly the same illumination. 

I have also met with a few instances of apparent variations of tint and 
brightness. The floor of the crater Hind, on the S. W. of Hipparchus, appears 
to have undergone a variability of tint during a period of eleven years 
according to the following numbers : — 

1858-14= 5°-9, 1865-18 ==7®-0, 1868-98 « 3®-6 

The slopes of two valleys, lY AP ^ and lY A’’ which cut through the 
S.W. border of Hipparchus, manifest different degrees of brilliancy on the 
two photograms. They arc much brighter on Eutherford’s than on De La 
Eue’s photogram, and lY AP ® appears to have become brighter in a greater 
degree than IV A’’ 


lY A” 6. lY A^ 11. 

De La Eue ...... 1858-14 4*6 4-8 

Eutherford 1865-18 7-4 7-0 


. A crater, lY A^ i^, the middle of three conspicuous craters W. of Hippar-^ 
elms, marked E Sec. I, Lohrmann and G by Beer and Miidlcr, appears to have 
become brighter since 1858. The gradations are exhibited below : — 

Beer and Miidler . . 1831-34 = f-00 . . Full moon. 

De La Eue 1858-14 = 6-30 . . Terminator just past Copernicus. 

Eutherford 1865-18 = 7*14 . . „ „ „ 

Birt 1868*98 = 7-56 . . „ „ „ 

Birt - 1868-99 = 8*00 . . 30"* past full moon. 

The number of objects on the moon^s surface, registered in accordance 
with the plan proposed in 1865 (see Eoport, 1805, pp, 294-299), is as 


follows : — 

781 

on 

135 

areas in Quadrant 

I. 


354 


86 

99 99 

II. 


227 

99 

59 

99 99 

III. 


737 

99 

63 

99 99 

IV. 

Total . . , . 

..2099 


343 

„ on the moon^s surface. 


Of these, 769 only have been published, viz. 492 in the Eeports^ of this 
Committee, and 277 in Mr. Birf s Monogram of the ^ Mare Serenitatis.' 


1869. 
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Report of the Committee on the Chemical Nature of Cast Iron, The 

Committee consists o/F. A. Abel, jFIJZ.S., D. Forbes, FJLS,y and A, 

Matthiessen, F,R,S, 

The Committee liavo to report tliat, dimrig the past year, some material 
progress has been made in this research. They oiitnisted the preparation 
*of the pare iron to i\tr. Mnlthicsseu, who carried out. tliis part of the XTUves- 
tigation in conjunction wdth Hr. Pnis HEoy.cpaiiowHki. From a. series o£ (ix- 
peri m outs, which are detailed in the Appendix, pure iron a]>pcjirB to ob- 
tainable in considerable quantities, and we hope, if the Commiitee be re- 
appointed, that next year a great deal of valuable information wiE be obtained 
on the chemical nature and physical proportios of pure iron and its alloys. 
The iron obtained by the process described in the Appendix is almost abso- 
lutely pure, containing only a minute trace of sulphur. According to an 
analysis made by Prof. Abel, the iron contained, in a hundred jiarls, only 
0*00025 part of sulphur. In another analysis, the amount of sulphur found 
by Mr. Prus Szczopanowski amounted to 0*0007 per ceut.^' Phosphorus and 
silicon were carefully tested for by both analysts, and found to ho entirely 
absent. 

With regard to the physical properties of jmre iron, owing to the want of 
time, nothing as yet has been aeciiratoly determined. It appears, however, 
that many of the physical properties of the pure metal differ considerably 
from those of the commercial. 


APPENDIX. 

On the l^rcparatlon of Fare Iron* By A. Mattiitessex, F.R,S,, md B. Prtts 

Bzceei*axowsxi, 

After numerous trials, the general outline of which wms given in the 
lleport of last year, the following method wa.H found to yield nearly ab^so- 
lutely pure iron, in quantities sufficient for the purpose* of this research. 
Pure dried ferrous sulphate and pure dried sodium sulphate are niixed in 
nearly equal proportions, and introduced gradually into a red-hot plniimim 
crucible. The mass is kept in fusion until the ovolution of sulphurous acid 
gas ceases. The crucible is then aUowod to cool, and tho fused mass ex- 
tracted with water. If tho heat *ho properly regulated, the whole of the 
iron is loft as a very fine crystalline oxide. This oxide is thoroughly washed 
hy decantation to remove every 'trace of the sodium sulphate, and, after 
being dried, is reduced by hydrogen in a platinum crucible ; the spongy iron 
dhus obtained is then pressed into solid buitons and molted in Hmo enicibkm 
with tho oxyhyclrogcn-blowpipo. 

Pefore proceeding further, it will bo as well to mention tlu^ precautions 
obsoiwcd in obtaining the raw material in the purest state. Tho eointnor- 
oial pure ferrous sulph/ite was freed from every tya,ce of copjxw by leading 
sulphiirettod hydrogen through the warm acetic acid solution. ‘ AUct filtra- 
tion, the forrpus sulphate was twipp recrystalliEt'd gnd dried, first in a water- 
bath, then in an air-bath. Tho commercial crystallised soclinm sulphate was 
reorystalljjied several times to get rid of tho lust traces of chloridp of, sodium, 
and4}ipn heated^ on a-water-hath to 'melt tho crystals. As is well known, 
anhydrous sodium sulphate separates out from this solution, which was 
scooped out from time to time, dried on an air-bath, and powdered. The 
purification of the sodium sulphate from chloride of sodium was found to bo 
necessary, owing to tho fact that, when fusions were mafic with sodium sul- 
* Tha amount of substance taken for each analysis was about 30 grammes. 
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phate containirig that salt, the resulting oxide of iron always contamecl 
platinum. The hydrogen used for the reduction of the iron, as well as for 
the ^ blowpipe, was prepared by the action of sulphuric acid on zinc, and 
purified by leading the gas through two wash-bottles, the first containing 
nitrate of silver and strong nitric acid, and the second caustic soda and 
acetate of lead, both bottles being half filled with pieces of pumicestone. 
The oxygon was prepared by heating a mixture of chlorate of potassium 
with 15-20 per cent, of black oxide of manganese, and washed by leading 
through caustic soda. All wash-bottle &c. connexions were made of glass^ 
lead, or pure india-rubber tubing. 

The fusion took place in a large platinum crucible (the contents of which 
was rather more than half a litre), enclosed m the usual manner in a claj 
crucible. The dimensions were such that about a kilogramme and a half 
of the mixture could be fused at each operation. After fusion the crucible 
is allowed to cool, it is then boiled out with distilled water, and the accu- 
mulated product of 6-8 fusions washed by decantation with boiling distilled 
water. The crystalline oxide settles very quickly, and thus allows of a very- 
rapid and thorough washing. The washing was in every case continued 
several times after the wash-waters ceased to give any turbidity with 
barium nitrate'^'. The reduction of the oxide thus formed was made in a 
covered platinum crucible, heated by moans of a large Bunsen burner. The 
hydrogen was introduced by means of a platinum-tube, reaching through 
the cover to the bottom of the crucible. The gas, purified as described above 
and dried by chloride of calcium, was always kept slightly in excess, a con- 
stant stream of gas being obtained by not using a generator, but two large 
gas-holders joined together, the contents of each being about 600 litres (20 
cubic feet), two other gas-holders of similar capacity being used for the 
storage of the oxygon, the one being used to collect the gas from the retort, 
the other to contain the gas purified by passing through a strong solution of 
caustic soda. 

The resulting spongy iron was pressed into solid buttons by means of a 
strong coining-press and a diamond mortar, the cylinder of which being 
about 70 millimetres in height ; the iron, when pressed, forms a cylinder of 
about 15 millimetres iu height, and weighs about 20 grammes. The molt- 
ing of the comxuGssed iron took place in lime-crucibles, the liniio having been 
previously burnt, slacked, and roburnt, thus forming a fine impalpable pow- 
der, which was compressed in the crucible mould. 

The best method of fusion was found to be as follows : — ^Thc limo-oruciblo 
was placed in a slanting position on a piece of lime. One of the oxyhydro- 
gen-blowpipcs, used in the process, played on the o\itside of tho crucible 
whilst the fiame of the other wa,s directed inside. When white-hot, a cylin- 
der of the compressed iron was thrown into it. It quickly molts, but at tho 
expense of a largo quantity of the iron which is oxidized. The amount lost 
by oxidation varies between 25 and 50 jior cent. In order to obtain a good 
solid bxitton of molted iron, it is necessary to cool it in an atmosphere of 
hydrogen, which is easily obtained, simifiy by turning off the oxjgm itom 
the hlowx>ipo playing inside the crucible. The button thus obtained weighs 
about 15 grammes. On analysis, it was found that these buttons were free 
from phosphorus, silicon, and calcium, b\it contained a minute trace of suli)kTir . 

The preparation, on a largo scale, of the pure ferrous sulphate and sodium 

* It is worthy of mention that the above process to procure pure oxide from the 
ture of mixed sulphates yields the purest oxide wo have as yet obtained. 

G 2 
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siili)liate “Was kindly undertaken for ns by Mr. J . Williams, wlio prepared 
for us more than a hundredweight of each of these subsi ances. We are also 
indebted to Mr. W. G. XInd(‘rhay for ihv. use of his large coining-press for 
the pressing of the limo-erucibles and the iron buttons. 


Report of the Committee appointed to explore the Marine Fauna and 
Flora of the South Coast of Devon and CoimmilL — No. 3. Consist-* 
iwjof Spenck BatE; FJi.S,^ T. Coeniso^ JtJNATHAN Couch, F.LM., 
J. ci^¥yN Jeeeueys, FJtS,y and J. ERooiaNO Howe, F.L.S. Re-* 
2)orter^ C. Spence Bate. 

In x>resonting to the Association the Third lleport on the Fauna and Flora of 
the Bouthern Coast of Devon and Cornwall, I have to stale that, iudopondiuiily 
of endeavouring to obtain a complete registration of all Ihc more rare forms 
of life that exist upon the coast-lino within dredging distance of ibe shore, 
the Committee have, as far as practicahlc, endeavoured to ^obtain informaiion 
relative to the development, growth, and habits of those animals of which 
our knowledge has hitherto been imperfect. 

Cetacea. 

I think it desirable to put on record the C(4acoa ihai; luivo been t.aken 
within the last few years on the coast, specimens of most of which are pre- 
served ill the Muscuin of the Flymouth Institution. 

Delphinm ddphls, Dolpliin. 

Occasionally in the Channel : ihc last, January 1 804. Prom the immciiHO 
mass of fat underlying the skin, and from some unknown reason causing the 
skin to shrink, it was found impossible to preserve it. 

D. tursio* Bottlenose Dolphin. 

No record of any since the one doscribod by Montagu in 1814. 

Phoccmia communis* Porpoise. 

Common. 

P. orca» Grampus. 

Occasionally in the Channel. In Mr. Eoss^b collocilon, now in the Exeter 
Museum, I boliovo, was a young ono driven on sbore at Fxmouih in 1 844. 
The specimen in the Museum of the Plymouth lustii-ution has been taken since. 
P. mdus. llound-lKMulod l^orpoiBO. 

One captured off Plymoiiih in April 1830, and towed into the harianir. 
rjij/seter marrocGpkalm, Biiermaeoti Whale. 

One is stated by Bellamy to have been thrown on shore near Plymouth 
many years since. 

Balmioptera hoops* 

This species has occurred Rcvoral times. Ono in 1831 (the Rpecimen now 
in the British Museaiin) was found Ibiaiing of the Eddysiono ; a Hcoond 
was captured in a herring-net in Torbay, in 1846. In L8G3 one was ob- 
tained of Plymouth, and the skeleton was purchased by the Alexandra Park 
Company, and is now, I suppose, at MusweE Hill. 

Bdxiga aTbimns* 

Mr. P. H. Gosse writes t-—** On Aiigust 5th, 1832, 1 was returning from 
Newfoundland to England, and was sailing up 1 the British Channel close 
to the land, when just off Berry Hoad I saw under the ship’s bows a large 
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Cetacean of a milky-wliite line, but appearing slightly tinged 'with green 
from the intervening stratum of clear water. It was about 16 feet long, with 
a round bluff head. It continued to swim along before the vesscrs head, a 
lew yards beneath the surface, for about ten minutes, maintaining our rate 
ol speed, which was five knots an hour, all which time I enjoyed from the 
bowsprit a very good view of it. It could have been no other than theVhite 
"Whale, the B. borealis of Lesson.” 

It frequently occurs on the Scottish coast. 

Pish, 

^ Of the Pish there have been but few novelties that I can add to the pre- 
vious lists. The most interesting specimens are those of a Double-spined 
Bay and a variety of the Short-finned Tunny ; the former is preserved in 
the Museum of the Plymouth Institution, and the latter in that of the 
ITatural-History Society of Penzance. The Bay was taken off Plymouth, and 
appears to coincide nearly with that of Maia aqitila (L.), except in being 
very much larger, and in the presence of two spines. 

One point of interest that belongs to this specimen is the relation that it 
bears to IL attnvella (L.). Of this Mr. J. Couch says : — Consulting Artedi, 
and after him Linnaeus, and comparing them with Lacepede, I find generally, 
as characters common to i2. aqiiila and attavella^ the body smooth and a 
slender tail. Linnmus says 12. attavella has two spines often ; but LacepMe 
makes the same remark of B. aquila. The material difference is that B, 
aquila has a very long tail, while attavella has it even less than the length 
of half the body. According to LacepMe (who says nothing of a Short- 
tailed Eagle Bay), the pectorals of Ms aquila are gradually slender, like the 
wing of an Eagle ; but Artedi says that in attavella the pectorals are broad.” 

The dimensions of the recent specimen are 2 ft. 4 in. across the fins, 1 ft, 
10 in, from the snout to the base of the spines, and 2 ft. 10 from the 
snout to the extremity of the tail; while those of B, aquila, in the Mu- 
seum of the Plymouth Institution, are 14 in. across the fins, 11| in. to the 
base of spines, and 2 ft. 1 in. from the snout to the extremity of the tail. 

Of the Tunny hracJiypterus), or Short-finned Tunny, Mr. Thomas 

Cornish of Penzance says that the specimen that he captured in Mount’s Bay 
differs from that given, both in figure and letterpress, vol. iv. Appendix, by 
Mr. Couch, in his work on British Fishes, in having more fin-rays in the 
first dorsal than my specimen had, and does not show two free soft fin-rays 
between the first and second dorsals, wMch were conspicuous in my fish.” 

Crustacea, 

I am not aware Ivhat there are any novel forms or species to bo recorded 
as the result of the dredging-operations of the Committee since the last 
reported list of Crustacea. In fact, the Committee have thought that they 
would be doing more to advance onr knowledge of this class of animals, 
in pursuing the life-history of those that arc already known to us, than hy 
searching for the few stray specimens that have not hitherto been described 
as inhabitants of these seas. 

Mr. Cornish informs me that he has very recently obtained in Mount’s 
Bay several specimens of Polybius JBenslowii, 

StenoryncTius pTialangium* 

The young of Stenorynchm is a tmo Zoe, hut differs from the typical fonn 
in the absence of the great rostral spine, and in the increased length of the 
great dorsal spine, by' a series of latoro-'dorsal spines on the three posterior 
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somites of the plooii, and in the cnormons dcvelopmcui. of two tlei-iduous 
on the base of second pair of antenna), 

Jlomarus marimf'S. 

Common as the Enropoan Lobster is, it is very rtmiariviihle that a very youn^? 
s])ocmion has, as iar us I knoAA'-, newer been nn^t with. I hava^ ior several y(‘{irs 
olfered u reward for a. very sniull s])(U!inieii, hiit. liav(‘ m^vm’ nuunved oin* lesH 
than inehes lonj? from the rostrum tn th(» telsou. Many years sinee Erdl, 
in a memoir on the sn])jeet, described tbo young’ Uomarm as being hutehed 
in the form of the adult animal. 

I have, diAt'ing the last two summers that I have been engaged on Ibis 
Boport, ondcavonred to hatch and dovolope this among other forius. Having 
specimens brought to mo with ova, I hare sneceeded in hatebing the same ; 
bat the mystery connected with the preservation of lift', so (is tt) enable ns to 
watch the development of the animal from one stage to the next, has yet to 
ho overcome. 

Tln'ongh the kindness of Ifr. Alford Lloyd, curator of tho atjuarinm in the 
2Ioologicul Gardens at Hamburg, I htive hfjon ijiiabled to o]>t.aiii a, specimen 
hatched under his knoAvledgiJ about eight days old. This enables mo to 
prove that not only is tbo yoiuig batched in a form distinct from that of tbo 
parent, hut, Avliile it Inis continued to increiiHe in size, and ihcreforo cast moro 
than a single mouli., that it retains that form for some time after its hiiHi. 
Tho ovinu is about/ one-tenth of an inch in diameter, and contains a AUtellns of 
a dark, almost black, green colour. In the earlier wiagea of tho develo])- 
mont of tho embryo, the eeiit-ral or deciduous i‘ye is distimdly seen, hut 
appears to he lost at/ tho time of the escape of tho larva from tho t'gg-caso ; 
at this period the young animal has a short pointed rostrum, that at first is 
bent back under tho ventral surface of the cephalou ; two largo eyes, which 
at first aro bent under tho lateral marginof the cophalon ; Iavo pairs of short 
antonnm ; a non-appondioulaied mandible ; two pairs of niaxilim, the third 
pair or maxillipod being not yet developed ; seven .pairs of pt'roiopoda., (^ach of 
■which carries attached to tho third Joint a long secondary multiartioiilaiid 
ramus. Tho third pair is dovelopod into a strong chclato organ, Avhilst tho 
fourth and fifth pairs have rudimentary processes attached to the distal 
extremity of tho fifth joint that demonstrates thoir cholato conditions at a 
very early stage. The ploon consists of six somites only, neither of which is 
furnished Avith a pair of appoudagos, or, as far as I could see, tho rudimonts 
of them. The posterior somito or telson is dorsally and vontrally fiattoimd, 
evenly excavate at t/ho jiostori or margin, which has tho hiiernl extremities 
jmoduced to a sharp point ; Avhilo a largo strong spine jirojei-ts posteriorly 
from the centre, on each side of which, between it ami the Jiitcral point, aro 
about tAvelve short stout pointed hairs. 

Orangoii vulgaris. 

The young of tho common Shrimp, although T have road of its rosomblanco 
to that of A. mydSf has not, I am convinced from that description, ever been 
described from the form in Avhich it appears at tho period when it leaves tho 
egg-case. 

At this stage it has a long straight anteriorly projecting rostrum on the 
carapace, a posteriorly projecting dorsal spine on the third somito of the 
ploon, and a lateral one on. tho posterior margin on each side of tho fiMr 
somite. Tho^ eyes are largo, the antennm short ; the mandibles and tAVo 
pairs of maxilloo, as well as the throe anterior pairs of poroiopoda, are alone 
developed, of which tho three last are furnished with secondary appen-* 
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dagos r at a later stage in tlio development the posterior pairs of pcreiopoda 
are clovoloped^ with secondary appendages like the Lobster in its primary 
stage. ^ At this time the resomblauco to some of the M^sida? is so great that 
it is highly probahlo tJiat some of those Mf/sidee that arc distinguished by 
the clevolopnieni, of their appendages in the form of true legs may be only 
the young of the several species of Orangon. 

Palmmon, 

The larva of the common Prawn differs but little from that of the Shrimp 
in tho early stages of its dovclopment. The chief points of distinction are 
only such as could bo called spceiiic, and not improbably may be found in the 
young condition of tho larva of various species in either genus. They chiefly 
exist in Fedmmon, having a longer rostral spine and a dorsal spine being pre^ 
sent on tho posterior margin of tho fifth somite of tho pleon. 

It would bo interesting, should wo have tho opportunity, to compare the 
larva of tho enormous freshwater Prawn of Guatemala, a crustacean as largo 
as a half-grown Lobster, -with that of our European species. 

Palhiiirus mannus. 

In my last Eoport are given figures of the young of the genus Palinu- 
THSf an animal that has excited considerable attention amongst oarcinologists 
in consoquenco of its near rosomblanco to the form of Phgllosoma, a circum- 
stance that has induced many zoologists to believe that they are but the same 
animal in different stages of growth. Since the presentation of the second 
lieport, in which I gave certain reasons for not too readily accejiting this con- 
clusion, Di% Anton Dohrn has given much time to the subject, and traced the 
development of the ovum from tho commoncoment to the period when the 
young animal quits the egg-oase. He writes to me from Messina, Eebruary 
1809 ; — I only assure you that tho thing is finished. The Fhyllosoma are 
the larvae of the Lorkates, I have followed the development of Bcyllarus and 
Palmtirus eggs, and both have brought out Phijllosoma, "What is there so 
anomalous in Fhyllosoma ? It is nothing but a depressed Megalops. ... I have 
followed* the development of tho interior organization as weE, and there is no 
difference of real value between Fhyllosoma and Scijllams, or FalinurusF 

This, which gives tho author such confidence, is nothing more than has 
boon known for tho last twenty years. The question is not as to the forms of 
tho latwa of Fallmriis^ Scyllarm, <S:c., but whether certain animals that are 
like them, but five hundred times as large, that we find mostly in exotic seas, 
aro tho same but a little older specimens. If they are, as Dr. Dohm and 
other natui'alists affirm, then they establish the remarkable fact that the larvse 
of those Crustacea grow from tho one-tenth of an inch in length to that of 
one or two inches in length, without any material variation of form, a 
feature that is not consistent with tho life-history of tho development of the 
animals of this class. 

If we examine tho progressive growth of other Crustaceans, we find that 
with every increase in growth there is a fresh moult, and every moult de- 
velopes the animal a stage nearer the type of the adult animal. If the 
Fhyllosoma be, as contended, the young of Falinurus, then an arrest in pro- 
gressive development takes place, while that of growth continues. 

An argument in favour of this being the case (that Fhyllosoma may be the 
young of PaZmwrws) maybe found in a species described by De Haan in 
Siebold^s ^ Fauna Japonica ’ under the name of Fh, Gtterinii, in which an 
intermediate progressive step exists, inasniuch the carapace is developed 
so fer posteriorly as to cover the poreion, • 
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I think, therefore, that although step hy step wo may arrive at the true 
knowledge, yet the largo amount of negative evidence, which is capable at 
any day of being overthrown, must make us hesitate in accepting as a thing 
proved tho siatoment that PhjUomma and tho closely resembling lavm of 
FaUmmts arc one and the sumo creature. 

Tho goiius S(\t/lhirm has now been so frequently captured on our roast, 
that wo must consider it not as a mere siraggl<‘r, but us an old inhabiiaut of 
the Ihiiish seas* 

Mr. Cornish writes : — Homo years since I suggested to .Prof. ]iell, with 
tho first spccimon that I took, that it was identic‘al with the little lobsior 
described by Jiorlaso (ISfat. Ilist.. p. 274) as ‘ that fine Hhrimp (*Sqmlia htUt, 
llondeletii) I found in Oarog-Kilks, in Mount’s Bay j’ but be ihoughti that 
Squilla lata was the other Sciflhrvfi, and not mine. 3 now believe that I 
was right and ho was wrong. Looking at the rarity of tlu* sjuicics in Mount’s 
Bay, it is more probable that Borlaso’s specimen and mine should be tho 
same species, than that they shonld he distinct.’^ 

Borlaso took his on Careg-KillaH, in Mount’s Bay. This namc^ is lost ; btit 
it means slate,’’ or “ killas-rock/’ and it was (v'nk Borlaso, Nat. fHst. p. 2i>4) 
a lodge where loose stones could l)(^ turned over.” near Ponzanco (p. 206), 
There are hut two places in Mount’s Jiay which satisfy this description, 
and the one nearest to the Doctor’s residence is Lotig Kook, where tho latest 
spccimon of Sc jf Hams was taken. 

Besides which, Pennant (vol. iv. p. 17, No, 26, Lobster) speaka of Sqnilla 
lata, l^ondclctii, as the size of tho Sjjhnj Lobster Dr. Borlaso speaks of bis 
speciinon as “ that hue .shrim]>.” 

Tho apecimon of which Mr. Oorniah writea was captured aliv(», and, being 
in full spawn, was sent on to me, "with tlie hope that, should it arrive alivci 
1 might bo able to hatch tho ova, and so make out tho hitherto uudetemined 
form of tho young Bq/lhrm. Unfortunately tho atiimal W'^as dead when it 
reached mo that same evening. The ova wore very abundant in quantity, 
each being about of an inch in diameter, with an orange-coloured vitollus, 
Tho embryo was in a very immature stage, so that little could be learned 
from it as to tho form or character of tho larva when it quits tho ovum. My 
friend Dr. Andrew Dohrn, however, who has on the coast of Bieily been 
giving Ms attention to this subject amongst others, informs me that tho larva 
of Seyllams is identical with that of PaHnwnmf and consequently assumes tho 
form of Phyllosonm. 

Sgidlh^ 

Several specimona of this genus have been recorded from the eojista of 
Devon and Cornwall ; hut tho scarcity of their appearance induccH us to 
consider them rather as stragglers drifted from tho Oliannel IslcittdH thuu 
inhabitants of our southern shores. Two other genera of clomslj allied 
animals are occasionally taken in tho same locality. These liavo been de- 
scribed by Prof. Milne-Edwards, and figured under tho respective names of 
Alima and Sqtullemhihys ; specimens of both those have been taken during 
the last summer, the former by Mr. Bay Lankester, and tho latter by Mrs. 
CoUings of Sark. The former of those animals has much in its appearance 
that is suggestive of an undeveloped condition ; hut it was difficult to dehne 
the parent stock j it might be a young SquilUriehthys, or it might bo a young 
Squilla, from either of which it differs in having but two flagella to the 
anterior appendage, and in tho absence of tho five pairs of poroiopoda j while 
in SquiUcc and SquilUrkhthys there are three flagella to tho anterior antenam, 
mi aB the pereiopgda are present. The gener^ form, howover, of Mima is 
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nearer to Si/nilh^rkhthj^s than is SquiUerichth/s to JSqiiilla. This separation 
appears to receive a wider demarcation from the cireiimstauce that Mrs. 
Oollinga took attucdicd to her specimen several small ova ; two of these, with 
the speeimon, slxo kindly forwarded to me for inspection. These, however, 
after dne considoration, 1 enmo to tho conclusion wore only accidentally 
ontiinp^Icd, or else <l(^])o.sit(Hl by somci parasitic animal, since they were at- 
taclied to a large flexile mom!)rano diferiiig ossontially from those that cover 
the ova of Crustacu'a gtmerally. 

lA>rtunately, however, Dr. Power, while staying in the Mauritius, hatched 
and forwarded to me a considorablo numbor of the young of different Crus- 
i»aeea ; among these were those of a Squilla. This, although the young of 
an exotic species, bears so close a relation to the genus Alima of Milne- 
Edwards, that we can have no hesitation in accepting them as different stages 
in tho growth of animals of the same genus. 

8o with JSqtdUerlcht/iys, the features that distinguish it from JSquilla being 
clearly expressed in tho larva of Squilla, and repeated in the form of Alima 
in a condition that is a modification between it and SquillerichthySf conduces 
to the conviction that, like Alma, BquillerlolitUys is but a stage in the de- 
vtdopment of Squilla^ a circumstance that enables us with much confidence to 
unite the throe supposed genera as different stages in the progressive de- 
velopment of one and tho same genus. 

In tho entrance to the channel, during the present spring, large quantities 
of the Crustacea named by Prof. Bell, in his ^ History of the British Crus- 
tacea/ Thysampoda Oouchii, were taken in tho stomachs of fish ; of these a 
considerable number wore sent to me by Mr. Longhrin, but they were not in a 
condition favourable for examination. Tho pendulous ovipouch, that affords 
such a peculiar feature to the animal, was generally of a bright orange-colour ; 
but, generally speaking, the contents had been so acted upon by the digestive 
juices that little was determinable from them. This I think we may speak 
with certainty, that they are not of the genus Tliysanopoda, 

OSTRACODA. 

The following Ostracoda, which have been examined for us by G. S. 
Brady, E.L.S., were dredged off the Eddystouo in 40 fathoms of water : — 

Loxoconcha guttata, Norman. 

tamarindus, Jozies. 

Xestolebei'is aurantia, Baird. 

Cy therura angnlata, Brady. 

cimeata, Brady. 

striata, ^ar^. 

similis, Bar^. 

acuticostata, Bar^. 

Oytberopteron punctatuin, Brady. 

nodosum, Brady. 

inultiforum, Norman. 

Bubcircinatum,^ Bars. 

Bathocythere coustricta, Bars. 

tui'gida, Bars. 

Pseudocythero caudata. Bars. 
Sclerochilus contortus, Norman. 
Paradoxostoma ensiforme, Brady, 

abbreviatum, Bars. 

Polycope compressa, Brady. 


Poulocypris mytiloidcs, Norman. 

— trigonolla, G. 0. Bars. 

angusta, Brady. 

Bairdia inflata, Norman. 

aeantbigera, Brady. 

Oytlicro pollucida, Baird, 

tonera, Brady. 

badia, Brady, 

convexa, Baird. 

— - finmarchica. Bars. 

-villosa, Bars. 

emaciata, Brady. 

scmipunciatfi, Brady. 

— cuneitbrmia, Brady. 

— — antiquata, Baird. 

fTonesii, Baird. 

acorosa, Brady. 

Kuoytbere parva, Brady. ^ 
Loxoconcha impressa, Baird, 


Annelids. 

Dr. M'Tntosh, P.E.S,E., P-L-S,, says a considoraWe QoUeotion of Annelids 
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from tlio neigliboiirhood of Plymoiitli was mxt to ino for ox.itniiiaOon hy 
"Mr. Spcncc Bate and Mr. Brooking llowo; the forruor likewise <’nnHeou.sly 
gavo ino tho line of some earofnl dramngs, from which sources the fallowing 
list is drawn uxi. iXs not imlrcquonily huppens with studi uniinuls. the 
Bpooitiuuis WH'Vo ill an indiiferent state of pr(‘servatio!i» e.stM'eiail^v tlutse 
whi(jh had been placed in glyocaino. Allhougli Houiewhiil softened, how- 
ever, they W(‘ro of great interest, and much can^ luul 
stowed on their eolloetiou. As a series entirely from the H()uibevn shores of 
England, they form an advatihigeons contrast wiji\ thy collections of Mr. 
Gwyn Jeffreys, wdiich como from tho ojinysity extremity of the British 
Islands, viz, from the Zetlandio seas. ^ ' 

Tlio^ majority of the species jph weU-kuowm forms, and with regard to 
these it is only necessary to the list. Amongst the rarer lurms, 

Lej[}klonotm ckwa^ seems to ho plentiful, wdieroas on most of <mr 

shores it is npf commonly met with. Its speckled and adlun-mit scales, 
swollen and j;.inged cirri, and stout yellow bristles render it an easily recog- 
T ^^/ocies, Tho Nereis Marlumt, And. & Bid., has not hitherto bt‘en re- 
as British, and aiipcars to bo cldcfiy a southern form, for 1, havc^ not 
jCt found it cLsowhore tlian in tho Channel Islands and in tliis colhadion 
from Plymouth. It is characterized hy the guait dov(‘le])mcui of tin* siqierior 
lobe of the foot towards tho ])osionor (Uid of tlm body. Omtphh sknhu 
Do (iuutrcf., is also comparatively common. Tlic range of this sja-eh^s ext ends 
from the Shetland Islands to tho Mediteminoan. It has jointed lirlstles, as 
in Emileei and the examples were in tnhes of gravel ami sand. The very 
largo size of some of tlu‘ specimens of Cirr(ftnh(s virntfiis calls for noticts 1 
have not seen larger. Tho occurrence of Trrebrlk Sav,, a gigantit*. 

form, is likewise interesting; and it is ]»rohah]e that Tnrbviiff plrpuitra of 
Hontiigu refers to this speoios. Tho hooks (5orr(‘spoiKl with tlmt. figured hy 
Dr. Malmgren*, from u specimen procured in the Red Htia near Suez, and 
have five (rarely six) distinctly separated teeth. Tlu* TenMhi {Pohjmmk) 
Daniehseni of Malmgren is a now British form, distinguished hy tlu^ three 
comparatively short liranchito and tho shape of the hooks, which have a 
large fang and two or three smaE tooth iihovo it. 


Jjist of Specks* 


Ilcrmlono hysfcrix, <SVn». 

LopidonotuH squamafcus, Lhw* 

clava, Mo 7 it, 

llarmothoo in\bricata, Linn, 

longiHotis, Griihe. 

Polytioeawforiaa (squamosa, iWc* Ckufje), 
Attacliod to Aatorias aiirantiuca. 
Sigalion boa, JoJmsK 
Hophthya - — V, softoned fragment . 
Hotophyllum polyuoidea, fiiVsi?. 

Eulalia viridis, 

lUteon© pusilla, (Erst 

Syllis armillans, MiilL 

Oafctiok speotabilis, Jfthut. ? (Drawing.) 

Kerois zonata, MaVmgrm ? 

pelagica. L* 

Marionii, A* ^ Ed, 

cultrifera, Gruhe, 

Nereilepas fucata, Sav, 

Eimereis longissima, Jokist 


launbrinoreis frugilis, Miiff. 

Kmiico — ? 

Tjenflir4^ iiorvogica, L, 

IjyHidi(*o ninHUi, A, Eft 
Ilyalimccia tubieolii, Midi, 

Ohuplus aictila, Quufref, 

Notocirrtife. HeoticuM, Mrl, 

G!'ly(*ora (mpifaia, (Erst 
*— CtocHi, 

Aronieola ecaudatn, thhmf, 

ClmitoptoruH uorvegieun, San* (J)mwiiig.) 
Ncjrim vulgaris, Jimmt 
8eolocolepis oirrata, Snrs, 

Cirratulus cirratus, MiUi, 

Capitella capilata, Fahr* 

Ammooliares Ottonis, (xmbe* 

Sabellaria alveolate, L, 

Peefcinaria bolgim, hdlm* 

Amphictene auricoma, MillL 
AmpMcteia Ounnori, Sam 


* Hordiska Hofe-ammkter, tab, 30, f,80, 
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Terebella medusa, Sav. 

— nebulosa, Mo7tt. 

littoralis, Dalye% &o. 

— Baniclssoni, M(jrn, 

Nicolea zostoricola, &asY. 

Pista crisiata, Mull, 

Phelepus circinnatus, ln^ahr, 

Leprca iextrix, J)ah/elL 

Sabella ponicillus, L, (pavonia, Sav,), 
DaHyohono Dalyelli {Dal), KolUker, 
Protula protensa, Lmu, ff* Ghruhc, 
Serpula vermicularis, L, 


Sorpula reversa, Mont, 
triquotor, L, 


Pontobdclla muvicata, L, 
Borlasia olivacea, Johnst, 
Lineus longissimua, Simnons. 
Mici’iiva fuKca ? 

Ommatoplca. Several. 
Sipuneulus ? 

Thaliissema Neptuni, Gcertner. 


POEAMINIPEEA. 


Tho Foraminifera, of which the following list was furnished mo hy Mr. 
David Itohcrtson. of Glasgow, wero taken in about 40 fathoms seven miles 
south-east of tho Eddystonc, and some fourteen miles south-east of the 
Dudman, in about the same depth of water. 


Oornuspira foliacca, DJiil. 
Biloculina deprossa, d'Orh. 
Spiroloculina limbata, d' Orh, 

— — plannlata, LcmaTck. 
Triloculina oblonga, Mont. 
Quinqueloeulina sominulina, d' Orb, 

— subrotimda, Mont 
Trochammina inflata, Mont 
Lituola oanarietisis, ^ Orb, 

Lagena lasvis, Mont 

striata, Mont 

— semistriata, Will 
globosa, Mo7it 

melo, d Orb, 

Bentalina communis, it Orh, 
Oristellaria rotulata, Lanh, 

orepidula, F. # M. 

Polymorphina lactea, W. Sf J. 


Polymorphina oblonga, Will, 

conipressa, d^ Orb, 

myristiformis, 'Will. 

Orbulina univorsa, d^ Orb. 

Spirilliria vivipara, Ehrenb. 

margaritifera, d' Orb. 

Textularia sagittula, LamJc, 

Bulimina pupoides, Orb. 

ovata, Orh, 

Bolivina punctata, ^ Orb. 

Disoorbina globularis, d^ Orb. 
Planorbulina mediterraniensis, Orb, 
Truncatulina lobatula, Walker. 
Botalia Beccarii, L. M. 

Patellina corru^ta, Will. 

Noiiionina aster izans, E. 4 
turgida, Will. 


Report on the practicability of establishing A Close Time for the 
protection of indigenous Animals, By a Committee, consisting of 
P, Bitckland, llev. H* B. Teisteam, RR,S., Tegetmeiek, and 
E. Beessee (Reporter) . 

In accordance with tho resolution passed at tho Mooting of tho British Asso- 
ciation at Norwich in August last, appointing Mr. Frank BucMand, Rev. 
H* B. Tristram, Mr. Tegotmeior, and Mr. H. E. Dresser as a Committee for 
the purpose of collecting evidence as to tho practicability of establishing a 
close time for tho protection of indigenous animals, this Committee met at 
tho Zoological Society's rooms (which Dr. Sclator had Idndly placed at their 
disposal) on tho 13th of January last, tho Rev. Dr. Tristram being in the chair ; 
and on Professor A. Newton tendering in ovidonco the information published 
by the Yorkshire Association for the Protection of Sea-birds, respecting 
the utility of sca-hirds, it was resolved, inasmuch as the said Association was 
working in tho same direction as this Committee, that we should give every 
reasonable assistance in furthering the object for which tho Association had 
been formed, viz. that of getting an Act of Parliament passed to protect the 
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sea-birds clnrinp; the brccdiiif^-sensriii, tlie reasons given ]*eing fbnf sm-birrk 
arc nsefnl in destroying grubs and worms, in a(ding m seiiumgf'rs in the 
liarlwurs, in warning vessels fdl‘ iho roeks during fogs by their eri»*s, and in 
hovering over and pointing mii to the fishunmm the I'or.iiity of the shoals 
of iish. 

At the above meeting J, K. Ilariing, FJ,,S. was firopfined ami 
elect ( h 1 as a nn'mlnu’ of this (VHiunitti‘e, 

Sinee then tlie fuemluu'Hof your (’mmuitlee have to the be4 of llmir ptnvi'f 
coo])erated with the AHsoeiathm for tin* Prof eet ion of Seiiddrds, and tliul 
Assoeijd-ion has fully aeknowledged the nKsj.stanee rendered. 11ie lb|| |b|« 
the protedion of Sea-fnwl was (‘ntrusted to tlie care of C*, >SyKe>s Ivsp, M 
ill the Oomiuons, and 31 is (trace the Ihikeof Northunthtudiintl in the f,ords, 
where it luet with a most favourahle rec*eptinn. 

Before the Bill ])a,sHe(l into Clonunittis^ a meeting of imt iiralids was la id at 
the Hanover Hquare Bomns in <»rder to eonsider and {li^eu'^-i the varimis 
clauses. Howin’er, as the progn^ss oj* tin* Bill has hern no fully reported in 
tlio ncwspajiers, it is ihshIIcss to enter into details here, ami it will be 
oiont to say that- at tirst it was pr(»p(Ksefl to make it ilh^rah iiol only to kill 
the birds during the ImsHling-Heasim, hut also to lake their eggs : ami th<. 
cdose time was proposed to extend from the 1st of May to fhi* Is! ttf August. 
Jfowever, it was found that so much injury would he iidlide»l on the poorer 
classes living on the (‘oasi if they were prevented from taking the eggs or 
young of the sea-birds, as they are often di'pemlent on th<*se for sulwisteitee, 
that the egg danse' was strudi out, and the young, when mmide to lly, \\vm 
ex<mi])t.t'(l Jt was also eouHidm'ed tlint it would la* expedient to exempt the 
island of 8t. Hilda, the inluddlanis of that island ln*ing soeutirely deptmderjt 
on s(ai-birds for their suhsisiimee. 

With these mcKlifientionH, and the dose time being exfi'iided one luotdb, 
or from iho 1st of April to the Jst of August, the Bill heeaim* law* in dum* last, 
and ou6 conviction \im alrtuidy takmi place. The p<‘rsmi eonvieted under t his 
Act had dead soa-gulls in his poasesHion, and xvas htNivily fined. The Bill for 
the protection ofsea-bmlH having now heconielaxv, it lurn'to be etmsirlered how 
far it will bo advisablo to press for its cjttmisicm to otlu‘r birils ami manuimk. 
That it will bo well to afford protection to most, if not. idl, of our birds, at 
bast during the breeding-Heason, your Committee are fully eoiiviiieetl; Imt it 
yet remains to couvineo the farmer that ho will derive lH*nelif from so doitig. 

Our British agriculturist, is in gi'neml no imturnliHt, and takes it ffu* granted 
that every grain-eating bird must do him Imnm ueeorflingly <loen his 
]>est t.o exterminate Hparrows and other muall hirds, little thinking of the 
hmefit thcif render him in (kithvtfhit; himin. Nor will tJte 
Avo fear, count emmeo so swooiang a moaHuro mdil he is fully'etmvineed that 
it, is necessary to ])ut some limit to tho ravugi^s imnln by his gamekeener 
amongst our feat, hared fnemds. ^ 

On tho oontiiiont, uiid particularly whero zoology ftinna ti lirmich «if niutlv 
in tho sohoolH of ngrionliuro (as in Uormiiny, Swotltm, &«.), tho utility (if 
many of our hirds, which with ns aro porsoontod as vermin, isliiHy «, cognized 
and instead of forming sparrow clubs, tho agriculturists thoro tiiko stens to 
protect tho feathered tribes, * 

In the grain-growing countries of Russia near and in every village small 
boxes and sections of hollow branches may bo soon fixed on to trees barns 


* We may here state that an Aot proteoting tho sea-birds, 

for some time in force in the lal« 
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houses, &c., in order to induce sparrows and starlings to take up their abode 
there, and assist in freeing tho crops from destructive insects. Sparrows, 
starlings, and particularly jackdaws swarm near most of those villages, and, 
according to what the peasants say, are of infinite use in freeing the crops 
from insects. 

In Sweden, also, the starling is an especial favourite with the agriculturist, 
and tho Principal of the Bdda Forest School, JagmUstare Boman, makes 
every one of his pupils prepare and hang up a certain number of these nesting- 
boxes, or “ holkar,’' before leaving the school. 

The late Mr. Charles Waterton also recommended the introduction into 
England of this plan of providing nesting-boxes for starlings. 

In speaking of the starling, we may refer to a letter from TJniversitats 
Forstmeister Wiese, published in the ‘ Journal fiir Ornithologie,^ 1866, p. 422, 
in which he urges the necessity of putting up nesting-boxes for starlings, and 
states that at Elisenhain in the Griefswald the oak-forests were suffering 
severely from the devastations of Tortrix virklana^ when, to destroy this 
insect, the starlings were protected, and these birds soon succeeded in keep- 
ing down the numbers of this insect. 

Some agriculturists of New Zealand are at the present moment endeavour- 
ing, at considerable expense, to introduce into those islands the rook, the 
jackdaw, and the starling, for the purpose of protecting their crops from the 
ravages of caterpillars and locusts. 

The best mode of judging of the good or harm done by birds is most cer- 
tainly that of studying tTie nature of their food^ and as almost all our smallest 
birds, even those which are chiefly graminivorous, feed their nesttUngs on in- 
sects, it would surely benefit the farmer and ; gardener were they protected 
during the time when tho insects are most destructive to the crops. Even 
the Bajpiores should, we think, be protected ; and in proof of this we may refer 
to Professor Newton’s paper on the “ Zoological aspect of Game-Laws,” read 
at the last Meeting of the British Association, and the Bev. Dr. Tristram’s 
theory propounded at the Meeting in 1867, viz. that the birds of prey are 
the sanitary police of nature, and that if they had existed in their original 
strength they would have stamped out the grouse-disease, inasmuch as hawks 
in preference make sickly birds their quarry. 

Begarding the food of our birds we may make the following short re- 
marks ; — 

The common Buzzard (Buieo viilgans), which was once, it is true, common 
in Great Britain, but is now rapidly approaching the fate of the Great 
Bustard, owing chiefly to the mistaken zeal of tho gamekeepers, is a bird by 
no moans injurious to game. Its food consists chiefly of frogs, mice, snails, 
&o., and but seldom or never of birds. 

The Kestrel (Faho timiunculus) feeds almost entirely on field-mice, but also 
eats beetles and grasshoppers. 

Tho Merlin (Falco malon) feeds chiefly on mice and small birds. 

The Sparrowhawk (Aceij>iter nisus) is perhaps the only true enemy of the 
game-preserver ; though at the same time it is probable that if the good and 
evil it does were justly weighed, tho balance would be in favour of the hawk, 
its favourite quarry being tho Woodpigeon, which is now increasing to an 
extent injurious to agriculture. 

As far as owls are concerned, Professor Newton clearly showed, at the 
last Meeting of the British Association, that these birds are of tho greatest 
use to tho agriculturist in destroying the small mammals which injure his 
crops. Prof. Newton refers to the researches of Dr. Altum, the results of 
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whicli ATcro as follows In order to ascertain the nainve of the food of ih<‘ 
different owls^ Dr. Altuin collected pellets, or cnstingH, at. dilfereui^ HMsfais of 
Die year, from different localities, *\Yhicli pellctK lie carefully exsuuined. 

Of the Barn-owl {Sin\v Jfamnmf) ho examined 700 rejected jM'Uets, wdiich 
contained remains of the f dloAvinj^, viz. : — 


4 Pleootus aurituH. 

1 1, YoHpmigo pipistrolluH. 

1 Y<‘Hporus scrot.imiM* 
n Mils tlocuininm.s, 

237 TUusouluH, sylraticus, and iiiv 

nutus. 

34 lljpiitlaniR p[larooliis, 

23 — amphibiuH. 

588 Arvieola arvalis. 

47 agrostis. 


1 Arvit*ula cainpt'sf ris, 

70 CruMHoims tjuii'iis. 

3 to Oucidura uraiicus ^mid icucedori). 
U04 8ori‘X vulgaris. 

1 — ])ygtnn‘us. 

I Talpa <nirt>piva. 
lU Passer domcMiicus. 

1 Fringilla ehloris. 

2 Cypaclus apus. 


Of the Wood-owl (/S/r/.r he examined 210 pellets, the contents of 
which ho classifies as follows — 

1 Mufitola crmini‘n. 

0 Mns documamifl, 

42 jnusculusjsylvnlicus, minui.us. 

11) ITypudaais glnreolus. 

j I ainpliibiua. 

254 Arvieola urvaUH, 

12 — —agrostis. 

1 SciuruH vulgaris. 

5 CroHSopuH ibdions. 

3 Orocidura arauous. 

20 8orox vulgaris. 

5 pygina‘UR. 

and largo quantities of MeMontlm mlgarkf Bomo of the pcdlets eotminting 
entirely of tho remains of those insects. 

Of tho Short-oared Owl {Striw hrdchjotm) ho examined a few |ud!ets, 
which ho found to contain only remains of IIijfmhm.HmnphUdm\ hut m 
these wore only obtained from one locality where this mouse is espeeirdly 
abundantj Dr. Altum reserves his romarlcs on the food of this owl until ho 
can make further invostigations. 

Of tho Long-oared Owl (Strisef otm) ho examined many pell, els, which con- 
tained remains as foEows j — 


48 Tnl}^a curop(?{i. 

1 (lorthia faniilinris. 

1 BrnbenzaeitrincUa, 

1 Motfirilla nlba, 

15 !8inaU birds (sp.?). 

15 Onrabus grunulat.UH. 

4 irnrjmluH ; ? 

1) Ditiscus lunrgitmlis, 

14 NinirabiMis sl(*r<*ornriuH. 

I, syivaticuH. 

1 Klater^ ? 

1 Hiluha rutfosa. 


14 Mas BylvatiouB. 

1 Hypudrous amphibius. 
12 gliireolus. 

103 Arvieola arviiliH, 


05 Arvieola agri'niis, 

2 Borex vulgaris. 

3 Birds, Hp.? 


The above proves most clearly that our owls Hlimdd he protected, hh hi 
destroying mice i&o. they are hcncfllting the ngriculturist. iS’ot. only, how- 
ever, do the owls, as is ahovo shown, feed chieily on niicis hut tlH*Wood*» 
owl {Briv ahfco) is often insectivorous; and Mr. hc‘ 0 ])old Mnrtiii of Iterlin 
(Journal fiir Orniihologie, 1854, p. 93) states that* he hatnd in the stenuudi 
of one of these birds tho remains of no less than 75 phmHfth 

Many of our smaller birds are ontdroly insectivorouH, and are niidonhtcdly 
nsoM at aE seasons of tho year ; and of these may in pnrtdciilnr refer to 
tho Woodpeckers and Titmice, tho latter of which feed largely on tho egp of 
Bomhyos pinii 'whhh is so (Ustructive to the j[thie fonts. Every fenude of 
this moth will lay from 600 to 700 eggs, and were it not tlmt they are kept 
down in nnmber by tho tits they would increase enormoiiHly. Count 0. 
Wodzioki, in a smaE work on tho influonco of birds in destroying inju- 
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rious insects, published at Lemberg in 1851, calculates that a single tit 
will devour 1000 imeefs^ eggs in a single day, and besides, the tits feed their 
young chiefly on insects’ eggs and caterpillars. Count WodzicH mentions in 
particular Sitta europcea, CJerthia familiaris, and the Begulidce, as being 
useful in destroying Bomhyx pinL He also mentions that the Woodpeckers 
are of great utility in destroying the foUowing insects, viz. Noctua pinastri, 
Geometm piniaria, Bplnnx pinastn, Tenthredo pini, T, septentrionalis, Bos-- 
trichus typograplms, and B. chalcograplms. M. C. von Heyden also remarks 
(Journal fiir Ornithologie, 1859, pp. 316, 317) that in the winter Bitta 
europcea and Parus major feed on the larvae of Ceoidomyia fagi, the Beech- 
gall insect, and states as follows : — The well-known conical gall of this 
insect is often found in large numbers on the upper side of the beech-leaves. 
In the autumn it becomes hard like wood, and falls off the leaf. These birds 
then search carefully on the ground under the trees for the galls, and after 
pecking a hole (generally in the side of the point of the gall), pick out and 
devour the insect. The hole is generally so small that the insect cannot 
be extracted with the beak, and the bird must use its tongue for that pur- 
pose, It is curious that the bird should boro a hole at the hard point of the 
gall when the base is merely closed by the thin paper-like web of the 
insect.” 

Professor Buckman has also recently observed that the Blue-tit (Parus 
ccerdeus) destroys the flies which make the oak-galls, which in many parts of 
the country threaten to ruin the young oak-plantations. 

Many of our seed-eating birds are useful, not only because they feed on 
the seeds of injurious weeds, but also on destructive insects j and our common 
Yellowhammer (Emheriza citrinella) feeds with avidity on the caterpillar of 
the white Butterfly (Fieris rapxM). 

Mr. Mewes, the well-known Swedish naturalist, states (Otversigt af Kongl. 
Tetenskaps Akademiens Pdrhandlingar, 1868, p. 256) that at Borgholm in 
Sweden he found the oak-woods near the castle almost stripped of their leaves 
by Tortrios viridana, and that numbers of birds were feeding on the larvae of 
this insect, amongst which he names the common Crossbill (Loccia curvi^ 
rostra), which, though in general a seed-eater, was in that instance doing 
good service in eating insects. He states that flocks of thosn„birds were 
busily employed in destrojdng this insect. 

The much-persecuted Sparrow (Passer domestlcus) is also a good friend to 
the agriculturist, and amply repays him for the little corn he may ta|e by 
destroying many injurious insects, and in eating the seeds of many mnk 
weeds. 

During the winter the Tree-sparrow (Passer montanus) feeds chiefly on 
the seeds of Urtlca dlvica, Qhenopodium album, and Polygonum avieulare, all 
of which are injurious woods. 

It is true that the House-sparrow is a grain- eating bird, but its nestlings 
arc fed chiefly on insects. Mr. Berthold Wickc, of Gottingen (Henneberg’s 
Journal fiir Landwirthschaft, 16 Jahrgang, 3 Hcfb) examined the contents of 
the stomachs of 118 sparrows procured between the 21st^ April and 24th of 
June, and gives the following results of his investigations : — Of these birds, 45 
were adults and 73 young, ranging from the small naked nestling to the full- 
fledged bird. In the stomachs of three of the adult birds he found only grain, 
in one nbthing but the remains of a few beetles ; one had the stomach and 
crop so full of grain that he counted 50 grains ; one stomach contained the 
seed of weeds, pieces of peas and seeds of Stellaria media, and the rest con- 
tained corn with the remains of beetles ; and in one was the entire skin of a 
Mehhntha vulgaris^ 
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Whereas, however, the stomachs of the adult birds contained chiefly ^rain 
and but a small proportion of insect-remains, it proved to bo entirely the 
reverse as regards the young birds. Out of the 73 ho examitiod, the sto- 
machs of 46 contained insects, larvm, caterpillars, &c., and only 0 contained 
vegetable inatier alone. Of tbo remaining stomachs 10 contained the re- 
mains of insects mixed wiih a few seeds, 7 contained cluefly seeds with a 
small j)roporl.it)ti of insect-remains, and 1 contained eggsliells and small 
stones without trace of anything else. 

Our American cousins have roeoguized the utility of the spanw, and luive 
introduced it into New York, where it is now found comparatively num<srous, 
and has been most useful in keeping the trees free from caterpiUars, wdxich 
before its introduction threatened seriously to injure them. 

Our thrushes and blackbirds are also most useful to the gardener from 
the quantities of slugs and snails they destroy, and our rook is universally 
acknowledged to ho a most useful bird. 

Much information as to the nature of the food of birds is, however, yet 
needed in order to judge correctly of the amount of good or harm Ihoy do ; 
and it would be well if the (piestion were fully ventilated in the newspapth's, 
and naturalists resident in different ]>artB of the couni ry encouraged to make 
investigations as to the nature of the food of the different species of birds, 
and compare tbo results of such investigafions. 

Your Committee felt, however, sure that the good done by birds will bo 
found largely to predoniiiiat e over the barm, and that it will prove ex}KMlicnt 
to afford them proieciioii during the brccding-scaHon. 

It iff, howcvcir, a measure that will require considerable time to carry 
through, and wo would suggest that the besi. mode of affording the ni^cossary 
protection to birds would bo to prohibit the carrying of a gun during the 
broeding-soason, as is now done in several parts of the continent, as, for 
instance, in Switzerland, some parts of Prance, &o. In ilio XJniied Bi ates of 
North America, whore freedom of action exists more pmdiaps ibam anywhere 
else, the close-time system is to a large extent carried out, tiiid Ims provivl 
most beneficial, though, as may bo supposed, it is most diliieult to enforet'. in 
a thinly populated country. 

Much information is, however, yet needed as to the practical working of the 
close-time system in those countries whtjre it has been in force, and ymir 
Oommittoo hope ere long to bo able to procure reliablo pmiiculars on Ibis 
point. 

Generally iii is said to work exceUently, and, far from iniorfering *with the 
game-preservers, it has been found to act in hanuoiiy with tinir views. 
Were it enforced hero in England it would have the good oJ* si-opping 
tlie damages done by idle men and boys, who on Bundays art^ in ibo habit 
of going out in the neighbourhood of tho towns to shoot small birds* 


Ewperhnentd Researches on the Mechanical Properties of Steel 
By W. LL,B., RRS., 

IiT my last Beport 1 had tho honour of submitting to tho Association an 
oxporimontal inquiry into tho MocSihicnl^pTopnTtios of Steel, obtained from 
tho different sources of manufacture in tho Kingdom* On that oecinr 
Sion several important experiments were recorded from specimenB obtained 
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from the best makers ; and bars -were received from others, tlio experiments 
on which were at that time incomplete. Since then I have had an opportu- 
nity of visiting the important works at Barrow-in-Eurness, and from there I 
have received bars and plates of different qualities for the purpose of experi- 
ment, and such as would admit of comparison with those recorded in my last 
HejiGrt. I have also received specimens from !Mr. Heaton for experiment, 
iUustrativo of the new process of conversion from crude pig iron (of different 
grades) to that of steel, as exhibited in the results contained in this Eeport. 

In every experimental research connected with metals, it is necessary to 
ascertain, as nearly as possible, the properties of the ores, the quality of the 
material, and the processes by which they are produced. Generally this in- 
formation is difficult to obtain, as in every new process of manufacture there 
is a natural inclination (where the parties are commercially interested) to 
keep it as long as possible to themselves, and hence the reluctance to furnish 
particulars. Of this, however, I can make no complaint, as Mr. Bessemer, 
the Barrow Company, and Mr. Heaton have unreservedly not only opened 
their works for inspection, but they have furnished every particular required 
(including chemical analysis) relative to the imopcrties of the ores, and the 
processes by which they arc reduced. 

From this it wih bo seen that in some of the experiments I have had the 
privilege of recording the chemical as well as the mechanical properties of the 
specimens which have been forwarded for the purpose of experiment, and of 
ascertaining their respective and comparative values. 

As regards the works at Barrow, I have, through the kindness of Mr. 
Bamsden and Mr. Smith the manager, received every facility for investigation, 
and they have kindly sent me the analyses of all the ores in use for the pur- 
pose of manufacturing both iron and steel. In those Works, it will be noticed 
that the manufacture is exclusively confined to the hsematite ores, and that 
by the Bessemer process. 

It is curious to trace the progressive development of the manufacture of 
steel j&rom the earliest period down to the present time, and to ascertain how 
nearly the more premature and early stages of manufacture approaches to 
those of Bessemer and others in otir own days. To show how closely they 
approximate in principle (the exception being in the vessels used and the 
power employed), I venture to quote from my own Eeport to the Barrow 
Company, in which the coincidence between the ancient and modern processes 
is exemplified. 

In treating of the value of the hsematite formation, I have stated that ‘‘wo 
have no reliable accounts of the time when the hsematite ores wore first used 
for the purpose of manufacture. They must have existed contemporary with 
those in Sussex and the Forest of Dean ; for the numerous cinder-heaps in 
those counties and at Furness boar evidence of the smelting-process having 
been carried on from an early period, until the forests became exhausted during 
the reign of Elizabeth and her successors. The process by which the . ores 
were reduced in those days was extremely rude and simple, and was probably 
no better than what had been practised from time immemorial at the ancient 
hloomeries, to which wore attached artificial blasts, first practised in this 
country after the Eoman conquest. What was the nature of the apparatus 
for producing this blast we are unable to ascertain ; but it is likely that two 
or more pairs of bellows may have been used, or the method, still practised 
by the natives of Madagascar, might have been adopted of fitting pistons 
loosely into the hollow trunks of trees. In whatever form the hsematite ores 
were reduced, it is clear tlaat the smeltmg-furnaQO was not in operation in 
1869. n 
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those daj^s ; and assuming that the bloomery was the only process in use, the 
result would be a species of refined iron or steel, which, deprived of the greater 
part of its carbon, would become malleable under the hammer. 

It is interesting to observe how nearly our improved modern i)rocess of 
making steel ai)proachcs to that of those rude and early times. The Bessemer 
system is neither more nor less than the old process of the Idoomcry and the 
Catalan furnace, the former being adapted to smelt the ore, and the latter to 
decarbonize and refine it into the malloablo state of iron or steel. 

That such was the state of the early manufacture of haunatito iron ctin 
hardly bo questioned, as the country around Ulvcrstoji was coyered with 
forests; and the name given to Piirncss Abbey shows ihat its site was in the 
vicinity of furnaces, employed exclusively for the reduction of tho ores with 
which the surrounding country abounds. The remains of these ancient fur- 
naces have to some extent been earned down to our own times, and Messrs. 
Harrison and Co. still manufacture a fine quality of charcoal iron, tho wood 
being obtained from the adjoining forests. Tho new works at Barrow have, 
however, enlirely changed the nature of this process ; and the system of manu- 
facturing direct from the ore has become a question of such importance, a,s to 
induce an investigation of its value, and the improvements it is likely to efiect 
both in the manufacture of iron and steel. For this ol>jcct tho following 
experiments have been instituted, in order to show tho peculiar properties of 
this manufacture, and tho extent to which it is applicable for the general 
jmrposcs of trade and constructive art. 

“ The proprietors of tho Barrow "Works have confined ihomsolvcB to certain 
dosoriptious of manufacture, on tho Bessemer princijdc, iheso being chiefly 
steel rails, tjvos, ifiatcs, and girders, manufactured at a comparatively low 
price. From the nature of the ore and fuel (the latter of which is chiefly 
brought by rail from tho coal-fields of Durham and N'ortlmmbcrland) a 
description of highly refined homogeneous iron and steel is produced ; and 
as this manufacture is intended for purposes where tenacity and flexibility 
arc required, it would not bo just to compare it with other descriptions of 
manufacture, whore tho object to be attained is hardness, such, for instance, 
as that employed for carriage-springs and tools. The description of steel or 
iron required for rails, beams, girders, <S:c. is of a different character; te- 
nacity combined with fiexi])ility is what is wanted, to wdiich may bo added 
powers to resist impact. Tho same may be said of whocl-tyros and other 
coustructions, whore the strains are severe, and where tho material is suf- 
ficienily ductile to prevent accidents from vibrai.ion, or those shocks and 
blows to ‘whicli it may be subj(^cied. Keeping those objects in view, the 
Barrow Company’s Works have, to a. grcai. exieut, been liuiiitMl to this de- 
scilption of maimfuctixre ; and, judging from the ductility of iliu nifd'orial a,8 
exhibited in tho ex})eriracnts, there is little chance of accidenis from britllenesH 
when subjected to severe transverse sirains, or to the force of impact. 

In calculating tho value of tho beematite stool, wo have boon guided by 
tho same forniulm as adopted for comparison with similar productions from 
other works. Very few of them, however, will admit of comparison, as no 
two of them appear to bo alike. The hmmatito stool is manufactured, at tho 
Barrow Works, for totally different purposes from those of other makers, and 
having %e command of a variety of ores for selection (as may bo soon 
from the analysis of the ores given in the Table) the desired quality of steel 
can be obtained at pleasure. Wo have therefore submitted tho diff‘crent 
specimens to the same tests as those received from other makers, not only for 
the purpose of ascertaining wherein their powers of resistance differ, but also 
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"wherein consists their superiority as regards deflection, elongation, and com- 
pression, from all of which may he inferred their nature and properties, and 
the uses to which they may be applied. It is for this purpose w^c have 
applied the same formulae of reduction to each particular class of experiments 
as in the former cases, and the results have been embodied in the summaries. 
If, for example, it were required to know the modulus of elasticity, the 
work of deflection, or the unit of working strength, these will be found in 
their respective columns, carefully deduced from the experiments as given in 
the Tables. The same principle for ascertaining the amount of work done to 
produce rupture from tension has been followed, and the force required to 
produce compression with a given load has also been calculated with the 
same degree of care and attention to facts. 

“ As the Bessemer principle of manufacturing direct from the ore is calcu- 
lated to produce great improvements and important changes in the produc- 
tion of refined iron and steel, and as the homogeneous properties of the ma- 
terial thus produced are of the highest importance as regards security, (fee., 
it is essential to construction that we should bo familiar with the mechanical 
properties of the material in every form and condition to which it may be 
applied. 

Tor this purpose I have given all the various forms of strain, excepting only 
that of torsion, which is of less moment, as the strains already described in- 
volve considerations wMch apply with some extent to that of torsion, and from 
which may be inferred the fitness of the material for the construction of shafts 
and other similar articles to which a twisting strain applies. 

The great advantage to be derived from the Barrow manufacture of steel 
is its ductility combined with a tensile breaking strain of from 32 to 40 tons 
per square inch. "With these qualities I am informed that the proprietors are 
able to meet all the requirements of a demand to the extent of 1000 to 1200 
tons of steel per week, which, added to a weekly produce of 4500 tons of pig- 
iron, will enable us to form some idea of the extent of a manufacture destined 
in all probability to become one of the most important and one of tho largest 
in Great Britain 

Prom the above statement it may be inferred that the descrip)tion of manu- 
facture practised at Barrow is carried on upon a largo scale, and the products 
have reference to certain properties almost exclusively adapted to the formation 
of wheel-tyres, rails, and plates. To the attainment of these objects the 
greatest care and attention is devoted by the Company, as maybe seen by com- 
paring the reduction of the experiments in tho summary of results. 

In this extended inquiry I have endeavoured to deduce true and correct results 
from the specimens with which I have been favoured from tho Barrow Btecl 
Company. In the same manner I have now to direct attention to the products 
of an entirely new system of manufacture introduced by Mr. Heaton of the 
Langley Mills, near Nottingham. Tho experiments on this peculiar manu- 
facture require a separate introductory notice, as the process of conversion is 
totally different to that of Bessemer, the Puddling-furnace, or that of tho old 
system of the Charcoal-beds. 

Por the finer description of steel the old process of conversion is stiH prac- 
tised at Shofdeld, from a fortnight to three weeks being required for the con- 
version of wrought iron into steel ; and, with the exception of Mr. Siomons’s 
Eeverberatory Gas-furnace, there no improvements had been made on it until 

* In round numbers, it is stated that the produce of the Barrow Mines is 000,000 tons 
of ore per annum ; of tho Barrow Blast-furnaces 230,000 tons of pig-iron ; and of the 
3R»olling Mills 00,000 tons of steel rails, tyres, plates, &c. 

n 2 
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Mr. Bessemer first announced his invention by means of which melted pig-iron 
was at once converted into steel. 

This new process of forcing atmospheric air through the metal in a molten 
state took metallurgists by surprise ; and when it was taken into consideration 
that the conversion was effected in twenty minutes and at one heat, the ques- 
tion became one of absorbing interest to the whole of the commercial popu- 
lation. 

By the old process the metal was first deprived of its carbon and reduced 
to the malleable state, when it was rolled into bars and retained (as above 
described) from fourteen to twenty-one days in oharcoal-bcds until it had 
absorbed by cementation the necessary quantity of carbon. The new process 
of Mr. Heaton, unlike that either of Mr. Bessemer or of cementation, simply 
deals with the pig-iron, and, according to his own statement, eliminates the 
superfluons carhon, so that steel is in the first place produced and thence wrought 
iron by a still further elimination of the carbon. This is totally different to 
the puddling or the Bessemer process, which in the former was tedious and 
expensive, whilst in the latter the pig-iron was rendered malloahlc without 
any additional fuel and ready for the hammer or the rolls in a very short 
period of time. 

It is unnecessary to notice in detail the subsequent mechanical processes of 
reheating, rolling, hammering, (fee., which are common to all the systems of 
conversion ; it is, however, important to mention that an admixture of 
geleisen, a description of cast iron containing an excess of carbon, is made into 
the molten mass, without which the conversion is not easily ofibetod by the 
Bessemer process. 

It is asserted by some writers on this subject, ‘Hhat, whatever arc the merits 
of the Bessemer process, the conversion cannot ho effected without a dostructivo 
action upon the converters, and a rapid wear and tear of the tuyeres, that 
there is waste in fiBipg the moulds, and that the heavy royalties attached to 
the patents <&e. are serious drawbacks to the extension of the process.’’ Mr. 
Hewitt, a writer on this subject, comes to the conclusion “that good steel can 
only be made from good material, no matter what process is employed and 
he further states “ that the Bessemer process will not, as Mr. Bessemer origi- 
nally supposed, supersede the puddling-process, which a2)pcar»s to ho as yet the 
only method applicable to the conversion of by far the greater portion of x^ig- 
iron made into wrought iron, because by far the larger portion of pig-iron 
made is of a quality not good enough for the Bessemer process, which abso- 
lutely exacts the absence of sulphur and phosx)horus.” 

_ There may ho some truth in this statement, as it was found necessary, in 
the selection of the hcomatitc ores at Barrow, to make use of the host quality, 
and only seven or eight out of twenty sorts %vorc found suitable for the pttr- 
pose. It is, however, evident from the rajud extension of the process and tlio 
estimation in which it is hold by manufacturers and the general x>‘i^blio, that 
whatever objections the process is subject to (on purely economical grounds) 
Mr. Bessemer has succeeded in carrying out the pneumatic principle of con- 
version to the highest degree of oxcellonce at present attainable by that 
process. 

In so important a branch of metallurgy it would be romarkahlo if Mr. Bes- 
semer had hit upon the only feasible means of converting iron into steel. 
Other minds have been inspired by Mr. Bessemer’s success in the same direc- 
tion ; and the admixture of metals to effect a transmutation has boexi assumed 
in many forms and proportions so as to increase our knowledge and lessen the 
cost of production. Amongst those is the now process of Mr. Heaton, a dc- 
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scription of which we venture to transcrihe from a pamphlet published by the 
proprietors of the Heaton process. 

‘‘ The furnace (which is a common cupola) is charged with pig-iron and 
coke, and fired in the usual way, and the iron when melted is drawn off into 
a ladle, from which it is transferred to the converter. 

The converter is a wrought-iron pot lined with fire-brick. In the bottom 
is introduced a charge of crude nitrate of soda, usually in the proportion of 
2 cwt. per ton of converted steel, usually but not invariably diluted with 
about 25 lb. of siliceous sand. This charge is protected or covered over with 
a close-fitting perforated iron plate weighing about 100 lb., the diameter of 
the plate being about 2 feet. The converter, with its contents, is then 
securely attached, by moveable iron clamps, to the open mouth of a sheet- 
iron chimney, also lined for 6 feet with fire-brick, and the melted iron taken 
in a crane ladle from the cupola is poured in. The subsequent part of the 
process is thus described by Professor Miller. 

' In about two minutes a reaction commenced. At first a moderate 
quantity of brown nitrous fumes escaped ; these were followed by copious 
blackish, then grey, then whitish fumes, produced by the escape of steam, 
carrying with it in suspension a portion of the flux. After the lapse of five 
or six minutes, a violent deflagration occurred, attended with a loud roaring 
noise and a burst of brilliant yellow flame from the top of the chimney. This 
lasted for about a minute and a half, and then subsided as rapidly as it com- 
menced. When all had become tranquil, the converter was detached from 
the chimney, and its contents were emptied on to the iron pavement of the 
foundry. 

“ ^ The crude steel was in a pasty state and the slag fluid ; the cast-iron 
perforated plate, which was placed as a cover to the converter, had become 
melted up and incorporated with the charge of molten metal. The slag had 
a glassy or blebby appearance, and a dark or green colour in mass.' Professor 
Miller proceeds to detail the subsequent parts of the process, and the results 
of his analysis of some of the products. 

^^^A mass of crude steel from the convertor was then subjected to the 
hammer, 

‘ About 4| cwt. of the crude steel was transferred to an empty but hot 
reverberatory furnace, where in about an hour’s time it was converted into 
four blooms, each of which was hammered, rolled into square bars, cut up, 
passed through a heating-furnace, and rolled into rods varying in thickness 
from 1 inch to five- eighths of an inch. 

‘ Three or four cwt. of the crude steel from the convertor was transferred 
to a reheating furnace, then hammered into flat cakes, which, when cold, were 
broken up and sorted by hand for the steel mclter. 

« tf Two fireclay pots, charged with a little clean sand, were heated, and 
into each 42 lb. of the cake steel was charged ; in about six hours the melted 
metal was cast into an ingot. 

« <Two other similar pots were charged with 351b. of the same cake steel, 
7 lb, of scrap steel, and 1 ounce of oxide of manganese. These also were 
poured into ingots. 

« The steel was subsequently tilted, but was softer than was anticipated. 

« ^ These results are on the whole to he considered rather as experimental 
than as average working samples. 

^ I have therefore made an examination of the following samples only 

Ho. 4. Crude Cupola Pig. Ho. 8. Ilolled Bteely Iron, 

Ho. 7. Hammered Crude Steel. Ho. 5. Slag from the converter. 
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^ I shall first give the results of my analysis of the three samples of 
metal : — 



Cupola Pig (4). 

Crude Steel (7). 

Steel Iron (8). 

Carbon 

2-830 

1-800 

0-993 

Silicon, with a little Titanium 

2-050 

0-200 

0-149 

Sulphur 

0-113 

0-018 

tra.ces. 

Phosphorus 

1-455 

0-298 

0‘202 

Arsenic 

0-041 

0-039 

0-024 

Manganese 

0-318 

0-090 

0-088 

Calcium 


0-319 

0-310 

Sodium 

, , 

0-144 

traces. 

Iron (by difference) 

92-293 

97-026 

98-144 


100-000 

100-000 

100-000 


^ It will he obvious from a comparison of these results that the reaction 
with the nitrate of soda has removed a large proportion of the carbon, silicon, 
and phosphorus, as well as most of the sulphur. The quantity of phosphorus 
(0-298 per cent.) retained by the sample of crude steel from the converter 
which I analyzed is obviously not such as to injure the quality 

« The bar iron was in our imesonce subjected to many severe tests. It 
was bent and hammered sharply round without cracking. It was forged and 
subjected to a similar trial, both at dull rod and a cherry-red heat without 
cracking ; it also welded satisfactorily. 

‘ The removal of the silicon is also a marked result of the action of tho 
nitrate. 

^ It is obvious that the practical point to be attended to is to procure re- 
sults which sJiall he uniform so as to give steel of uniform quality when 
pig of similar composition is subjected to the process. The experiments of 
Mr. Kirkaldy on the tensile strength of various specimens afford strong evi- 
dence that such uniformity is attainable. 

^ I have not thought it necessary to make a complete analysis of tho slag, 
hnt have determined the quantity of sand, silica, phosphoric and sulphuric 
acid, as well as the amount of iron which it contains. It was loss soluble in 
water than I had been led to expect, and it has not deliquesced though loft 
in a paper parcel. 

« I found that out of 100 parts of the finely powdered slag, 1 1*9 were 
soluble ill water. The following was the result of my analysis ; — 


8and 47*3 

8ilica, in combination 6-1 

Phosiihoric acid 0*8 

Sulphuric acid 1-1 

Iron (a good deal of it as metal) 12*6 

Soda and lime f 26*1 


100*0 

^ It is important to point out that, as no analysis of the finished steel tested by Mr. 
Jtirkaldy is given, it is not improbable that this small percentage of phosphorus might have 
been still further reduced before it ax-rived at its final state of manufacture. 

t The use of lime was exceptional. lis use is now discontinued ; but its use on that 
occasion no doubt accounted for the slag being less deliquescent and soluble than it is 
usually found to be. 
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^ This result shows that a largo proportion of |)hosphorus is extracted by 
the oxidizing inhiience of the nitrate, and that a certain amount of the iron 
is mechanically diffused through the slag. 

‘ The proportion of slag to the yield of crude steel iron was not ascertained 
by direct experiment; but, calcidating from the materials employed, its maxi- 
mum amount could not have exceeded 23 per cent, of the weight of the charge 
of molten metal. Consequently the 12*6 per cent, of iron in the slag would 
not be more than 3 per cent, of the iron oj^erated on. 

^In conclusion, I have no hesitation in stating that Heaton’s process is 
based upon correct chemical principles ; the mode of attaining the result is 
both simple and rapid. The nitric acid of the nitrate in this operation imparts 
oxygen to the impurities always present in cast iron, converting them into 
compounds which combine with the sodium ; and these are removed with the 
sodium in the slag. This action of the sodium is one of the pccuhar features 
of the process, and gives it an advantage over the oxidizing methods in com- 
mon use.’ 

The slag x^rodiiced is aheady utilized at the works, and forms the subject 
of a new and valuable patent. There is every reason to beheve that the 
products of combustion may, by the means of a mechanical arrangement, 
devised by Mr. Heatou, be further utilized and afford a largo set-off on the 
original cost of the nitrate. It is also a great question whether the phosphorus 
may not be most profitably reduced from the slag for commercial purposes.” 

In addition to Mr. Miller’s statement, Mr. Robert Mallet reported on the 
subject and expressed himself highly satisfied with the results, both as regards 
the chemical and physical properties of the metal ; and having been xu’esent 
at the experiments made on Mr, Kirkaldy’s testing machine, he states the 
results as under : — 



Rupturing strain, in 

Extension at rux>ture, 


tons, per square inch 

per cent, of oinginal 


of section. 

length. 

Heaton’s steel iron 

22-72 

21*65 x>er inch. 

Heaton’s cast steel 

41-73 

7-20 „ 


The results recorded in the above Table for cast steel are somewhat 
below the results obtained in my own experiments, being in the ratio (for 
the breaking strain) as 41’73 : 44* 94, or as ’936 : 1 . 

The whole of these experiments appears to bo correct ; and assuming the 
statement of cost to be equally satisfactory, wo arrive at the conclusion that 
taking steel from the furnace in ingots, or made into steel rails, or bar iron, 
or ill any other form of ordinary manufacture, the net cost of xnoduction, after 
adding 10 per cent, for management, including all cost of labour, fuel, and 
material, and making all allowances for wear and tear and the like, is several 
2 wuncls sterling ^CT ton under the present market prices of similar descrixitions 
of the metah” And this will cease to be a matter of suiquisc when it is 
taken into consideration that, to repeat the words of Mr. Mallet, ‘‘ steel can 
ho produced from coarse, low~x>riccd brands of crude pig-irons, rich in phos- 
phorus and Bulx^htir.” “ Thus,” continues Mr. Mallet, wrought iron and 
cast steel of very high quality have been produced from Cleveland and North- 
amptonshire pig-irons, rich in phosphorus and sulphra ; and every iron- 
master knows that first-class wrought iron has not previously been produced 
from pig-iron of either of these districts, nor marketable steel at all,” 
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With these ohseryations I have now to refer to the dra^yings of the furnaces 
and apparatus which I have attached in illustration as an Appendix. In 
conclusion I may state that, looking at this new process and its further develop- 
ment as a step in advance of what has already been done by Bessemer and 
others, we may reasonably look forward to a new and important epoch in the 
history of metallurgic science. 

Before entering upon the experiments, it will be necessary to repeat the 
formula) of reduction as given in my previous Eeport of J807. This a])peMrs 
to bo the more requisite, as it may be inconvenient to refer to the Transactions 
of 18G7, where it was originally introduced. 


FORMTJLiE OP EEnUCIION'. 

For the reduction of the Rvjoeriments on Transverse Strain.- 
is supported at the extremities and loaded in the middle, 




“‘When a bar 


( 1 ) 


where I is the distance between the supports, K the area of the section of the 
bar, d its depth, w the weight laid on added to | of the weight of the bar, 
^ the corresponding deflection, and E the modulus of elasticity. 


E= 


uF 


( 2 ) 


when the section of the bar is a square. 

Those formula) show that the deflection, taken within the clastic limit, for 

unity of pressure is a constant, that is, ~=I), a constant. 


3 ^ 3 

let • 3 ^ series of values of D, determined by experiment 

in a given bar, then 

3 )— 4 . r^\ 

W 

which gives the mean value of this constant for a given bar. 
l^Tow, for the same material and length, 

3 ^ 1 

or D oc ( 4 ) 

and 'wlicn tlio section of the bar is a square, 

g _ 1 

(5) 

If Di bo put for tbo vaMc of 1) Tybon cZ=l, then 
Di=*Dc«‘ 

=nC^+w,+ • •• CO 

wHeb espresses tbo mean value of tbo dofleetion for unity of pressuro and 
section. This mean value, tboreforo, may be taken as the measure of the 
flexibility of the bar, or as the modulus of fleocure, since it measures the 
amount of deflection produced by a unit of pressure for a unit of section. 
Substituting this value in equation (2), yre get 

p . 

^=W’ ( 7 ) 
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which gives the moan value of the modulus of elasticity, where Bj is detcr- 
luiiiod from equation (6), 

The work (U) of deflection is expressed by the formula 


TJ= 


1 ^ 

=2 X X J2“24’ 


( 8 ) 


where 3 is the deflection in inches corresponding to the pressure (iv') in lbs. 
If IV and 6 bo taken at, or near the elastic limit, then this formula gives the 
work, or resistance analogous to impact, which the bar may undergo, without 
suffering any injury in its material. This formula, reduced to unity of sec- 
tion, becomes 

wS 

“="241 


IfCbe a constant, determined by experiment for the weight (W) straining 
the bar up to the limit of elasticity, so that the bar may bo able to sustain 
the load without injury, then 


Wl 

' ^=:GKd, (10) 

whore C = -J- S, or of the corresponding resistance of the^^material per square 
inch at the upper and lower edges of the section, 

// 

When fJlxQ section of the bar is a square, 

WZ 

/ ( 12 ) 

wHch gives the value of 0, the modulus of strength, or the unit of ivorlcing 
strength, W being the load, determined by experiment, which strains the bar 
/up to the elastic limit. This value of C gives the comparative permanent or 
working strength of the bar, 

IJp to the elastic limit the deflections are proportional to their corresponding 
strains, but beyond this point the deflections increase in a much higher ratio. 
Hence the deflection corresponding to the elastic limit is the greatest deflec- 
tion which is found to follow the law just exxflaincd. 

For the reduction of the Experiments on Tension and Compression, — The 
work u expended in the elongation of a imiform bar, 1 foot in length and 
1 inch in section, is expressed by 

Tr=i . I . (13) 

whore =:g=strain in lbs. reduced to unity of section, and Zj== j^ssrtho cor- 


responding elongation reduced to unity of length. 

The value of w, determined for the different bars subjected to experiment, 
gives a comparative measure of their powers of resistance to a strain analogous 
to that of impact. 

By taking P^ to represent the crushing pressure per unity of section, and 
Zj the corresponding compression per unit of length, the foregoing formula 
will express the work expended in crushing the bar. 

Having given the formulae for calculating the resisting powers of the steel 
bars to a transverse, tensile, and compressive strain, and the amount of work 
expended in producing fracture, we now proceed to the experiments, as* 
follows. 
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ON THE MECHANICAL PROPERTIES OF STEEL. 

FIRST SERIES OF EXPERIMENTS. 

lEANSTEBSE STSAIIT. 


Experiment I. (June 1867).— Bar of Steel from the Barro-w Hsematite Steel 
Company. Dimension of bar 1‘02 inch square. Length between 
supports 4 feet 6 inches. Mark on bar, “HI. Hard Steel.” 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 

1 

50 

•065 

• • « • 

Weight of scale &c. 36 Ihs. 

2 

100 

•118 



3 

150 

•179 



4 

200 

•240 



5 

250 

*309 



6 

300 

•364 



7 

350 

•426 



8 

400 

•491 



9 

450 

*555 



10 

500 

*611 



11 

550 

•676 



12 

600 

•742 



13 

650 

•803 



14 

700 

•866 



15 

750 

•946 



16 

800 

I’OOe 



17 

850 

1-076 



18 

900 

1-146 



19 

950 

1-206 



20 

1000 

1*266 



21 

1050 

1*346 



22 i 

1100 

1*406 

•000 


23 

1150 

1*476 

•000 


24 

1200 

1*546 

•016 


25 

1250 

1*646 

•055 


26 

1300 

1*796 

•133 


27 

1350 

2-156 

•429 


28 

1400 

2*746 

•883 

Experiment discontinued. 


Besults of Bosjf), I. 

Here the weight {w) at the limit of elasticity is 1210 Ihs., and the eorre- 
Bponding dedeotion (5) is 1*646. 

By formula (6). — ^The mean value of the deflection for unity of pressure 
and section (D^) =*001308. 

By formula (7). — Tho mean value of the modulus of elasticity (E) 
= 30,096,000. 

By formula (2). — ^The modulus of elasticity (E) corresponding to 112 Ihs. 
pressure =33,830,000. 

By formula (8). — ^Work of deflection (U) up to the limit of elasticity 
== 77*944. 

By formula (9). — ^Work of deflection (u) for unity of section = 77*917. 

By formula (12),— Talue of C, the unit of working strength = 6*860 tons. 




108 


REPORT — 1869 * 


TRANSVEBSE STRAIIT. 


Exp. II. — Ear of Steel from the Barrow Haematite Steel Company, dimen- 
sion; of bar *995 inch square. Length between suxDports 4 feet 
6 inches. Mark on bar, “ H 2, Medium.” 


No. of 
Exp, 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Eemarks. 

1 

50 

•065 



2 

100 

•128 



3 

150 

•201 



4 

200 

*266 



5 

250 

•330 



6 

300 

•396 



7 

350 

•466 



8 

400 

•534 



9 

450 

•601 



10 

500 

•682 

•000 


11 

550 

•760 

•027 


12 

600 

•880 

•052 


13 

650 

1*020 

•115 


14 

700 

2-040 

1*068 


15 

750 



Bar destroyed. 


Bemlts of Essp. II. 

Here the weight (w) at the limit of elasticity is 510 lbs., and the corre- 
sponding deflection (^) is *682. 

By formula (6), — ^The mean value of the deflection for lanity of pressure 
and section (dj) = *001280. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 30,754,000. ^ 

By formula (2). — ^The modulus of elasticity (E) corresponding to 112 lbs. 
pressure =; 34,443,000. 

By formula (8). — ^Work of deflection (IT) up to the limit of elasticity 
= 14*242. ^ 

By formula (9). — ^^\^ork of deflection (u) for unity of section =14*383. 

By formula (12). — Y alue of C, the unit of working strength = 3*108 tons. 
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TRANSVERSE STRAIN. 


Exp. III. — Bar of Steel from the Barrovr Haematite Steel Company. Dimen- 
sion of bar 1*01 inch square. Length between supports 4 feet 
6 inches. Mark on bar, H 3. Soft.” 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 


50 

•074 




100 

•127 




150 

•195 




200 

•262 




250 

•330 



6 

300 

•395 



7 

350 

•453 



8 

400 

•515 



9 

450 

•677 

•000 


10 

600 

•645 

•007 


11 

650 

•716 

•018 


12 

600 

•793 

•019 


13 

650 

•873 

•032 


14 

700 

1-029 

•118 


15 

750 

1-279 

•287 


16 

800 

2-709 

1-625 

Experiment discontinued. 


Besults of Exjp, III. 

Here the weight (tv) at the limit of elasticity is 610 lbs., and the corre- 
sponding deflection (^) is *793. 

By formula (6). — ^The mean value of the deflection for unity of pressure 
and section (Dj) =: *001319. 

By formula (7). — The mean value of the modulus of elasticity (E) 
== 29,717,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure == 32,717,000. 

By formula (8). — ^Work of deflection (XT) up to the limit of elasticity 
= 20*155. 

By formula (9). — "Work of deflection (u) for unity of section = 19-757. 

By formula (12). — Value of C, the unit of worldng strength = 3*540 tons. 
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TRANSVEBSE STRAIIT. 


Exp. ly. (January 1868). — Bar of Stool from the Barrow Hsomatite Steel 
Company. Dimension of hax 1*071 inch square. Length hotween 
supports 4 foet 6 inches. Mark on bar, H l-f.’’ 


1 No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Eeniarks. 

1 

90 

•072 


Very soft; steel. 

2 

146 

•147 



S 

202 

•200 



4 

258 

•275 



5 

314 

•352 



6 

370 

•430 



7 

426 

•497 



8 

482 

•558 

•015 


9 

538 

•635 

•015 


10 

594 

•691 

•021 


11 

650 

•771 

•028 


12 

706 

•891 

•053 


13 

762 

1^437 

•586 



jResults of Ex^, IV. 

md LtSsT" 1’”“"” 

=:28 46o'oW) modulus of elasticity (li) 

pre^Mr=’il,?4b7oo.^ elasticity (E) corresponding to 112 lbs. 

= 21-2o!“’^‘‘ (8).— Work of deflection (E) up to tbo limit of elasticity 

By fornnUa (9).— Work of deflection («) for unity of section = 18->I8. 

By formula (12).— Yaluo of C, tlio unit of working strengtli sa a-22,S tons. 
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TRANSVEESE STRAIN. 


Exp. Y, — ^Bar of Bteel from the Barrow Hsematite Steel Company, Dimen- 
sion of bar 1-032 inch square. Length between supports 4 feet 
6 inches. Mark on bar, “ II2-f.” 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Doflootion, 

in 

inches. 

Permanent 
set, in 
inches. 

Hemai’hs. 

1 

90 

•120 

•000 

Soft steel. 

2 

146 

•190 

•000 


3 

202 

-254 

•on 


4 

258 

•324 

•012 


5 

314 

•405 

•013 


6 

370 

•486 

•021 


7 

426 

•554 



8 

482 

•638 



9 

538 

•692 



10 

594 

•780 



11 

650 

•870 



12 

706 

•968 

•028 


13 

762 

1-199 

•160 


14 

818 

1-448 

•474 



Results of Bxjp* Y. 

Here the weight (^o) at the limit of elasticity is 716 lbs., and the corre- 
sponding deflection (^) is -968. 

By formula (6), — ^Tho mean value of the deflection of unity of pressure 
and section (D^) = *001384. 

By formula (7). — The mean value of the modulus of elasticity (Ji; 
= 28,440,000. . . 

By formula (2). — The modulus of elasticity (E) corrcsponduig to 112 ios. 

pressure =28,610,000. i v 

By formula (8). — -Vork of deflection (XT) up to the limit of elasticity 

= or 

By formula (9). — Work of deflection (u) for unity of section = 

By formula (12). — ^Yalue of 0, the unit of working strength 3-838 tons. 
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TRAKSYEESE STRAIN. 


Exp. VI. — Bar of Steel from tlio Hfcmatite Steel and Iron Company. Dimon- 
sion of "bar 1*016 incli square. Length between sn 2 )X)orts 4 feet 
G inches. Mark on bar, H 3 + 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Eemarlcs. 

1 

90 

•130 


Very soft steel. 

2 

146 

•199 



3 

202 

•274 

•009 


4 

258 

•352 

•016 


5 

314 

•428 

•016 


6 

370 

•505 

•020 


7 

426 

•580 

•042 


8 

482 

•656 

•048 


9 

538 

•734 

•048 


10 

594 

•808 

•056 


11 

650 

•882 

•079 


12 

706 

•990 

•798 


13 

762 

1*530 

•998 



Results of Eicp, YI. 

Here the weight {w) at the limit of elasticity is 660 lbs., and the corre- 
sponding deflection (^) is *882. 

By formula (6). — ^The mean value of the deflection for unity of pressure 
and section (D^) = ’001406. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 28,000,000. ^ ^ 

By formula (2). — The modulus of elasticih’' (E) corresponding to 132 lbs. 
pressure = 29,080,000. 

_%^^ormula (8).— Work of deflection (TJ) up to the limit of elasticity 

By formula (9). — ^TVork of deflection (?t) for unity of section = 23*40. 

By formula (12). — Value of 0, the unity of worldng strength = 3*781 tons. 
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TRANSYEESE STRAIN. 

» 

Exp. yil. — Bar of Steel from tlie Barrow Haematite Steel Company. Di- 
mension of bar 1 incli square. Lengtb. between supports 4 feet 
6 inches. ^ Mark on bar, H 4-f 


No of 
Exp. 

Weight iaid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permaneflt 
set, in 
inches. 

^ Ecmarks. 

1 

90 

•150 


Soft steel. 

2- 

146 * 

•215 



3 

' 202 

•285 

•044 


4 

258 

•352 ' 

. *046 


5 

314 

•432 

^048 


6 

370 

' -498 

^ -054 

Weight remained on bar 

7 

426 

•574 " 


from 5 p.K. to 10 A.H. 

8 

482 

•646 


The deflection in that time 

9 

538 

•734 


increased by *004 of an 

10 

594 

•804 


inch. 

11 

650 

•873 



12 

706 

•968 



‘ 13 

762 

• 1-136 

•151 


14. 

818 

1-528 . 

•516 



. Eesiilts of Ecep, YII. 

Here the weight (w) at the limit of elasticity is 716 lbs., and the corre- 
sponding deflection (^) is *968. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (Dj) = *001330. 

By formula (7\ — The mean value of the modulus of elasticity (E) 
= 29,600,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 28,590,000. 

By formula (8), — Work of deflection (IF) up to the limit of elasticity 
= 28*28. 

By formula (9). — Work of deflection {u) for unity of section = 28*28. 

By formula (12).— Yalue of C, the unit of working strength = 4*315 tons. 


- 1869. 


T 
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TEAITSVERSE STRAIN. 


Exp. YIII, — Bar of Steel from tlie Barrow Haimatifce Steel Companj. Di- 
mension of bar 1*051 incli square. Length between supports 4 feet 
G inches. Mark on bar, H 5+- 


]vro.of 

Exp. 

Weight laid 
on, in. 
lbs. 

Deflection, 

in 

inches. 

Permanent 
sot, in 
inches. 

Eomarls. 

1 

90 

•122 


Bather harder steel. 

2 

146 

•196 



3 

202 

•271 

-002 


4 

258 

•348 

■002 


5 

314 

•420 

•004 


6 

370 

•493 

•006 


7 

426 

•566 

•008 


8 

481 

•648 

•010 


9 

538 

•718 • 

•012 


10 

594 

•783 

•014 


11 

G50 

•848 i 

•016 


12 

70G 

•932 



13 

762 

1-058 


Weight left on from 1 p.m. 

14 

j 818 

1-182 

•104 

to 2 P.M. 

15 

874 

1-410 

•295 



Bemlts of Kvp. YIII. 


Here the weight (w) at the limit of elasticity is 772 lbs., and the corre- 
sponding deflection (1) is 1-058. 

By formula (6).— -The mean value of the deflection for unity of nressuro 
and section (Dj) = -001658. 

moan value of the modulus of elasticity (E) 
= 23,740,000. ^ \ / 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs 
pressure = 25,720,000. 

-34*0^^^^^ deflection (XT) up to tho limit of elasticity 


By formula (9). — Work of deflection (u) for unity of section =s 30*81. 

By formula (12), — Yalue of C, the unit of working strength s= 4-108 tons. 
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TEANSVERSE STRAIN. 

Exp. IX. — ^Bar of Steel from the Barrow Hsematite Steel and Iron Company. 
Dimension of bar 1-042 inch square. Length between supports 4 
feet 6 inches. Mark on bar, H 6 + 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 

1 

90 

•148 

•000 

This steel is of the same 

2 

146 

•220 

•000 

quality as bar 8. 

3 

202 

•228 

•018 


4 

258 

•360 

•018 


5 

314 

•443 

•018 


6 

370 

•508 

•018 


7 

426 

•578 

•022 


8 

482 

•650 

•022 


9 

538 

•732 

•022 ' 


10 

594 

•79S 

•022 


11 

650 

•864 

*024 


12 

706 

•96G 



13 

762 

1-070 

! -050 


14 

818 

1-196 

•081 

Weight left ou bar from 4.30 

15 

874- 

1-544 

•494 

P.M. to 10 A.M. 


Results of Exj^, IX. 

Here the weight {to) at the limit of elasticity is 772 lbs., and the corre- 
sponding deflection (S) is 1-07. 

By formula (6). — The mean value , of the deflection for unity of pressure 
and section (D^) = -001595. 

By formula (7). — Tho mean value of the modulus of elasticity (E) 
= 24,080,000. 

By formula (2). — ^The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 23,550,000. 

By formula (8). — ^Vork of deflection (D) up to the limit of elasticity 
“ 34*42, 

By formula (9 ). — 'Wotk of deflection for unity of section = 31*73. 

By formula (12). — Value of C, tho unit of working strength = 4*112 tons. 
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TEANSTEESE STEAITf. 

Exp. X. (April 1869). — Bar of Steel from tlic Heaton Steel and Iron Company, 
Langley Mills. Dimension of bar 1*018 x 1 *04 inch. Lcngtli between 
supports 4 feet 6 inches. Mai‘k on bar, “ 1.’’ 


1 ^ 0 . of 
Exp. 

Weight kid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Kcmnrks. 

1 

34 

•054 


Hard cast steel. 

2 

62 

•094 



3 

118 

*162 

*006 


4 

146 

•190 

•002 


5 

174 

•228 

•005 


6 

314 

*436 

*004 


7 

370 

•502 

•004 


8 

426 

•578 

■025 


9 

454 

•014 

•02(! 


10 

482 

*656 

•028 


11 

510 

*696 



12 

538 

•730 



13 

566 

*768 



14 

594 

*802 



15 

622 

*860 



16 

050 

•940 



17 

678 

•985 



18 

700 

1*016 



19 

762 

1*079 



20 

818 

1*141 



21 

874 

1*162 

•028 


22 

930 

1*235 



23 

986 

1*329 



24 

1041 

1*391 



25 

1097 

1*443 



26 

1153 

1*526 



27 

1209 

1*610 



28 

1241 

1*693 



1 

1321 

1*860 

•040 



Results of Kvp. X, 

Here the weight (iv) at the limit of clasticilj' is 12rjl lbs., and the corro- 
sponrling defection (d) is 1*698. 

By formnla (G). — The mean Talnc of the deflection for iiniiy of pressuro 
and section (DJ = *001481. 

By formnla (7). — The mean valne of the modnltis of elastieiiy (E) 
= 26,580,000. ^ 

By formula (1). — The modulus of elasticity (E) corresponding to 312 lbs. 
pressure = 26,060,000. 

By formula (8). — Work of deflection (TJ) up to the limit of elasticity 
= 88*25. 

By formula (9). — Woik of deflection (n) for unity of section = 83*410. 

.By formula (11). — Yaliio of C, the unit of working strength = 0*831 tons. 
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TEANSYERSE STRAIN. 

Exp. XI. — Bar of Steel from the Heaton Steel and Iron Company, Langley 
Mills. Dimension of har 1*044 x *028 inch. Length between sup- 
ports 4 feet 6 inches. Mark on bar, 2/' 


No of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 

1 

90 

*120 



2 

146 

•186 

•008 


3 

202 

•242 

•009 


4 

258 

•312 

•009 


5 

314 

•378 

*009 


G 

370 

•470 

*009 


7 

424 

*546 

•010 


8 

482 

•612 

•010 


9 

63S 

•077 

•010 


10 

594 

•744 



11 

650 

*812 



12 

706 

•888 



13 

762 

*952 



14 

818 

1-016 



15 

874 

1-084 

•Oil 


16 

930 

1*154 



17 

986 

1*212 

•014 


18 

1042 

1*276 



19 

1098 

1*336 



20 

1154 

1-398 



21 

1210 

1*460 



22 

1266 

1*522 



23 

1322 

1*615 

•016 


24 

1378 

1*708 

•042 


25 

1434 

1-801 

*082 


26 

1466 

1-933 



27 

1522 

2-086 

•208 1 


28 

1578 

1 3*836 

1*836 



Results of Exp. XI. 

Here the weight {iv) at the limit of elasticity is 1 444 Ibs.^ and the corre- 
sponding deflection (^) is 1*801. 

By formula (0). — The mean Yaluc of the deflection for unity of pressui’e 
and section (D^) = *001354. 

By formula (7). — The mean Yalue of the modulus of elasticity (E) 
= 20,070,000. 

By formula (1). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 29,640,000. 

By foimula (8). — "Work of deflection (B) up to the limit of elasticity 
=108*4. 

By formula (9). — ^Work of deflection (u) for unity of section = 101*1. 

By formula (11).-— Taluo of C, the unit of working strength = 7*879 tons. 
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TEAHSVERSE STRAIN. 

Exp. XII. — Bar of Stool from the Heaton Steel and Iron Comiiany, Langley 
Mills. Dimension of bar 1*022 x inch. Length between sup- 
ports 4 feet C inches. Mark on bar, “ ^1.” 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inohch!. 

Permanent 
set, in 
inches. 

Remarks, 

1 

90 

•144 

•000 

... 

2 

258 

•373 

•022 


3 

370 

•524 

•032 


4 

482 

•672 

•020 


5 

594 

•812 

•047 


6 

70G 

•952 



7 

702 

1-038 

•022 


8 

828 

1-124 



9 

884 

1-170 

•023 


10 

040 

1-242 



11 

99G 

D308 



12 

1052 

1-402 



13 

1108 

1-464 

•021 


14 

1164 

1-568 



15 

1220 

1-022 

•046 

* 

16 

1276 

1-722 

•062 


17 

1332 

1-777 

•100 


18 

1388 

1-819 

•ICO 


19 

1444 

2-652 

•842 


20 

1556 

4-652 

2*588 



Besidts of Exp, XII. 

Hero the weight (w) at the limit of elasticity is 1898 lbs., and the corre- 
sponding deflection (3) is 1‘810. 

By formula (G). — The mean Taluc of the dcfloction for unity of j)rcssiiro 
and section (D^) = -001419. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 27,740,000. 

By formula (1). — The modulus of elasticity (E) correspojiding to 1J2 lbs. 
pressure = 26,100,000. 

By formula (8). — "Work of deflection (IT) up to the limit of elasticity 
7= 105-9. 

By formula (9). — ^Work of deflection (u) for unity of section = 102*3. 

By formula (11). — ^Yalue of C, the unit of working strength » 8*028 tons. 
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TEANSVEESE SIEAIE. 


Exp. XIII.' — ^Ear of Steel from tke Heaton Steel and Iron Company, Langley 
MiUs. Dimension of bar 1-008 x 1*012 inch. Length between sup- 
ports 4 feet 6 inches. Mark on bar, “ 4.^^ 


No. of 
Esp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Eemarks. 

1 

90 

*108 



2 

314 

•406 



3 

538 

*686 



4 

762 

*975 



6 

874 

1*090 



6 

986 

1-198 



7 

1042 

1-304 



8 

1098 

1-408 



9 • 

1154 

1-459 



10 

1210 

1-543 



11 

1266 

1-592 

•001 


12 

1322 

1-G76 

•012 


13 

1378 

1-769 

•046 


14 

1434 

1-908 

•094 


15 

1490 

2-428 

•572 



Besults of Exjp. XIII. 

Here the weight (w) at the limit of elasticity is 1388 lbs., and the corre- 
sponding deflection (^) is 1*769, 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (D^) = *001295. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 30,400,000. 

By formula (1). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 35,120,000. 

By formula (8). — Work of deflection (U) up to the limit of elasticity 
== 102-3. 

By formula (9). — ^Work of deflection (le) for unity of section = 100*3. 

By formula (11), — Value of C, tho unit of working strength = 8-094 tons. 
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TRANSVERSE STRAIN. 


Exp. XTY. Bar of Stool from the Heaton Stool and Iron Comiiany, Langley 

Mills. Dimension of bar 1-025 xl'02 incli. Loiigtli between sup- 
ports I feet 0 inches. Mark on bar, “ 5.’’ 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Pen na neat 

set., in Eemarlvs. 

inclies. 

1 

90 

•117 

•000 

2 

146 

•193 

•009 

3 

202 

•257 

•009 

4 

258 

•328 

•009 

5 

314 

•403 

•OOQ 

6 

370 

•477 

•009 

7 

426 

•540 

*010 

8 

482 

•cos 

•010 

9 

53S 

•673 

•010 

10 

650 

•810 

•010 

11 

762 

•977 

•010 

12 

818 

1-057 

•012 

13 

874 

l-]l:B 

•012 

14 

030 

1-189 

•oil 

15 

986 

1-2G3 

•007 

16 

1042 

1-325 

•008 

17 

1098 

1-387 

•009 

18 

1154 

1-457 

•010 

19 

1210 

1-543 

•015 

20 

1266 

1-607 

•017 

21 

1322 

1-760 

•023 

22 

1378 

1-928 

•029 

23 

1434 

2-188 

•073 

24 

1490 

2-339 

•161 

25 

1546 

2-690 

•797 


HesuUsofKq^.Xn. 

Here the weight (w) at the limit of elasticity is 1270 lbs., and the coitc- 
sponding deflection is 1*007. 

By formula (6). — The mean value of the deflection for unity of prosBuro 
and section (DJ = *001351. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 29,140,000. 

By formula (1). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 31,140,000. 

By formula (8). — ^Work of deflection (IT) up to the limit of elasticity 
= 85-44. 

By formula (9). — ^Work of deflection (u) for unity of section = 81-60. 

By formula (11), — ^Yalue of 0, the unit of working strength =; 7*209 tons. 
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TEANSVEPvSE STRAIN. 

Exp. XV . — Bar of Steel from the Heaton Steel and Iron Company, Langley 
Mills. Dimension of bar 1-02 x 1*02 inch. Length between sup- 
ports 4 feet 6 inches. Mark on bar, 6.’’ 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

ilomarks. 

1 

90 

*132 

*000 


2 

146 

*200 

*013 


3 

202 

•268 

•016 


4 

258 

*331 

•019 


5 

314 

*406 

•019 


6 

370 

*474 

•019 


7 

426 

•550 

•023 


8 

482 

•610 



9 

538 

*680 

•018 


10 

594 

•774 

*020 


11 

050 

•854 

•024 


12 

706 

*926 



13 

762 

*994 

•014 


14 

818 

1*078 

•014 


15 

874 

1*142 



16 

930 

1*208 



17 

986 

1*274 

•015 


18 

1042 

1*344 



19 

1098 

1*440 



20 

1154 

1*502 

•016 


21 

1210 

1*578 

•022 


22 

1266 

1*719 

•037 


23 

1322 

1*753 

•072 


24 

1378 

1*866 

•078 


25 

1434 

2-003 

•158 


26 

1490 

3*378 

1*378 



BesidU of Ecop, XY. 

Here the weight (iv) at the limit of elasticity is 1220 lbs., and the cor- 
resjionding deflection (^) is 1*578. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (D^) = *001372. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 28,690,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs, 
pressure = 27,590,000. 

By formula (8). — Work of deflection (IJ) up to the limit of elasticity 
=: 80*21. 

By formula (9). — ^Work of deflection (te) for unity of section == 77*13. 

By formula (12). — Value of C, the unit of working strength a= 6*925 tons. 




Buminaiy of Eesults of the Experiments on Transverse Strain. 
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Yalue of 
C, the 
imit of 
working 
strength. 

By eq. 
(11&12). 
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SECOND SEEIES OP EXPERIMENTS. 

TENSILE STRAIN. 

Enp. I. (Juno 1867). — Bar of Steel from the Barrow Haematite Steel and 
Iron Company. Elongations taken on 8 inches length. Mark on bar,* 
‘‘ H 1.” Diameter of specimen *744 inch. Area *4347 square inch. 
Reduced diameter after fracture *744 inch. Area *4347 square inch. 


No. 

of 

Exp. 

Weight 
laid on. 

Breaking-strain per 
square inch of section. 

Per unit of length. 

Remarks. 

Elongation. 

Permanent 

set. 


lbs. 

lbs. 

tons. 




1 

10249 






2 

11929 






3 

13609 






4 

15289 






5 

16969 






6 

18649 






7 

20329 






8 

22219 


.... 




9 

23899 


.... 

*0062 

•0031 


10 

27259 



*0063 

•0031 


11 

30619 



•0065 

•0031 


12 

32299 



•0125 

•0093 


13 

33979 



•0163 1 

•0101 


14 

35659 



•0218 

•0171 


15 

37339 



•0375 

*0312 


16 

39019 

.... 


•0406 

•0390 


17 

40594 

93383 

4i*Voo 

— 

— 

Broke in neck. 


Bemlts . — Here the breaking-strain (P^) per square inch of section is 
93,383 lbs., or 41*7 tons, and the corresponding elongation (?j) is *0406. By 
formula (13). — The work (n) expended in producing rupture = 1895. 


Exp. II. — Bar of Steel from the Banw Haematite Steel and Iron Company. 
Elongations taken on 8 inches length. IMark on bar, “ H Dia- 
meter of specimen *69 inch. Area *3754 square inches. Reduced 
diameter after fracture *66 inch. Area *3401 square inch. 


1 

15289 



•0062 



2 

18649 



•0195 

•0178 


3 

22009 



*0312 

•0226 


4 

25369 



•0522 

•0515 


5 

27049 



*0656 

•0647 


6 

28729 


.... 

*0866 

•0863 


7 

i 

30309 

80724 

36-030 


— 

Broke in centre. 


BesuUs . — ^Hcre the breaking-strain (P^) per square inch of section is 
80,724 Ibs.j or 36*03 tons, and the corresponding elongation (Z^) is *0866. 
By formula (13). — The work (u) expended in producing rupture = 3495. 
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Exp. III. — Bar of Steel from the Barrow Haematite Steel and Iron Com- 
pany. Elongations taken on S inclics length. IMavk on har, H ;3.^’ 
Diameter of specimen *75 inch. Area *4417 square inch. Jledueed 
diameter after fracture *512 inch. Area *2306 square inch. 


No. 

of 

Exp. 

Weight 
laid on. 

Bi'eaking-strain per 
square inch of section. 

IVn* unit of length. 

Itomarks. 

Elongation. 

Permanent 

set. 


lbs. 

lbs. 

tons. 




1 

15289 



•0012 



2 

18049 

.... 


•0180 



3 

22009 



•0290 

-0163 


4 

25369 



*0656 

•0622 


5 

28729 



•0656 

.0622 

[ neck. 

6 

30304 

08007 

30*63 



Broke 1 1 inch from 


Eesalts . — Hero the breaking-strain (P^) per square inch of section is 
68,607 lbs., or 30-63 tons, and the corresponding elongation per unit of 
length is *0056. By formula (13). — ^The work (-a) expended in ])rodiicing 
rupture = 2250. 


Exp. IY. (January 1868). — Bar of Steel from the Barrow Hcematit.e Steel 
and Iron Coin]3any. Elongations taken on 8 inches length. T\Tark 
on bar, “ H 1 + Diameter of specimen *763 inch. Area *d572 square 
inch. Eeduced diameter after fracture *51 inch. Area *2043 squ?iro 
inch. 


1 

15289 



•0000 



2 

18649 



•0002 



3 

20329 



•0222 

•0195 


4 

22009 



•0281 

•02(15 


5 

23G89 



*0375 

‘0343 


6 

25369 



•0546 

•0483 


7 

27049 



*0765 

•0733 


8 

28729 



•1858 

•1765 


9 

30304 

06281 

29*59 

— 

— 

Broke in centre. 


Besiilts , — ^Here the breaking-strain (P^) per square inch of section is 
66,281 Ihs., or 29*59 tons, and the corresponding elongation (?^) per unit of 
length is *1858. By formula (13). — ^The work (tt) expended in j^roducing 
rupture = 6157. 
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Exp. Y. — Ear of Steel from the Barrow Haematite Steel and Iron Company. 
Elongations taken on 8 inches length. Mark on bar, “ H 2-1-.” Dia- 
meter of specimen *701 inch. Area -4584 square inch. Ecduced 
diameter after fracture *508 inch. Area *2090 square inch. 


No. 

of 

Exp. 

Weight 
laid on. 


Per unit of length. 

Eeinarks, 

square inch 

of section. 

Elongation 

Permanent 

sot. 


lbs. 

lbs. 

tons. 




1 

15289 






2 

18649 






3 

22009 



*0003 



4 

23689 



•0004 

•0003 


5 

25309 



*0118 

•0100 


6 

27049 



•0137 

*0125 


7 

28729 



•0171 

*0156 


8 

30304 



•0233 

*0218 


9 

32014 



•0312 

•0290 

[from centre. 

10 

33574 

73241 

32*09 



Broke 2 inches 


Results . — Here the brealdng-strain (PJ per square inch of section is 
73,241 lbs., or 32*09 tons, and the corresponding elongation (l^ per unit of 
length is *0312. By formula (13 ). — The .work ( 2 ^) expended in p)roducing 
rupture =; 1142. 


Exp. YI. — Bar of Steel from the Barrow Haematite Steel and Iron Company. 
Elongations taken on 8 inches length. Mark on bar, “ H 3 -f- .” Dia- 
meter of specimen *771 inch. Area *4056 square inch. Eeduced 
diameter after fracture *598 inch. Area *2808 square inch. 


1 

15289 



•0053 



2 

18049 



•one 



3 

20329 



•0187 

•0171 


4 

22009 



•0205 

•0187 


5 

23089 



•0321 

•0250 


0 

25309 



•0375 

•0296 


7 

27049 



•0450 

•0437 


8 

28729 



•0718 

•0593 


9 

30304 



•0812 

•0786 

[from nock. 

10 

32014 

G8758 

zd-m 


— 

Broke i-^- inch 


Restilfs . — Hero the breaking-strain (P^) per square inch of section is 
08,758 lbs,, or 30*09 tons, and the corresponding elongation per unit of 
length is *0812. By formula (13). — The work (u) expended in producing 
rupture = 2791. 
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Exp. YII. — ^Bar of Steel from the Barrow Haematite Steel and Iron Company 
Elongations taken on 8 inches length. Mark on bar, 

Diameter of specimen *768 inch. Area *4630 squai'o inch, lloduccd 
diameter after fractoe *768 inch. Area *4639 s([Liaro inch. 


]>ro. 

of 

Exp. 

Weight 
laid on. 

Bi'oaking-strain per 
square inoli of section. 

Per unit of longili. 

Remarks, 

Elongation. 

Permanent 

set. 


lbs. 

ibs. 

tons. 




1 

18649 



*0031 



2 

22009 



*0108 



8 

23689 



*0226 

•0187 


4 

25369 



*0297 

•0222 


5 

27069 



*0343 

*0375 


6 

28729 



*0438 

•0421 


7 

30804 



*0500 

•0401 


8 

32014 



•0671 

•0022 


9 

83574 



•090G 

*0875 


10 

35334 

75730 

33-8i 


.... 

Broke in nock. 


Hero the breaking-strain (P,) per square inoli of section is 75,730 
lbs., or 33-Sl tons, and tlio corresponding elongation (/,) per unit of longtli 
“ ’S (13).— The work («) expended in producing ruptui-o 


Exp. Till — Bar of Steel from the Barrow Hsomatito Stool and Iron Com- 
pany. Elongations taken on 8 inches length. Mark on har, “ It !> -t- .” 
Diameter of specimen -76 inch. Area -4536 square inch. Ilodueod 
diameter after fracture -558 inch. Area -2300 square inch. 


1 

18649 



•0027 

— 

2 

22009 



■0062 


3 

25369 



•0296 

*0250 

4 

27049 



•0375 

•0312 

5 

28729 



•0467 

•0437 

6 

30304 



•0622 

•0562 

7 

32014 

.... 

• * • • 

•0765 

•0750 

8 

33574 

74016 

33*04 

.... 



[centre. 
Broke 1 inch from 


breaking-strain (PJ per square inch of section is 
It’ a • ^ correspondmg elongation (1) per unit of 

^Ll2m m produclg 
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Exp. IX. — Bar of Steel from the Barrow B[8erriatite Steel and Iron Company. 
Elongations taken on 8 inches length. Mark on bar, BE 6 
Diameter of specimen *772 inch. Area *4677 square inch. Eeduced 
diameter after fracture *581 inch. Area *3651 square inch. 


No. 

of 

Exp. 

Weight 
laid on. 

Breaking-strain per 
square inch of section. 

Per unit of length. 

Remarks. 

Elongation. 

Permanent 

set. 


lbs. 

lbs. 

tons. 




1 

18649 



*0003 



2 

22009 



•0062 



3 

25369 



*0250 

, *0218 


4 

27049 



*0335 

•0281 


5 

28728 



*0406 

*0375 


6 

30304 



•0500 

•0468 


7 

31864 



*0686 

•0678 


8 

33424 

.... 


*1000 

*0937 


9 

35124 

75120 

33*53 


— 

Broke iu centre. 


Results . — ^Here the breaking-strain (PJ per square inch of section is 
75,120 lbs., or 33*58 tons, and the corresponding elongation (l^ per unit of 
length is *1. By formula (13), — ^The work (u) expended in producing rup- 
ture = 3756. 


Exp. X. (April 1869). — ^Bar of Steel from the BEeaton Steel and Iron Company, 
Langley Mills. Elongations taken on 8 inches length. Mark on bar, 
^^1.”. Diameter of specimen *748 inch. Area *4394 square inch. 
Eeduced diameter after fracture *748 inch. Area *4394 square inch. 


1 

16969 



*000 


2 

23689 



*000 


3 

27049 



*000 


4 

29119 



*000 


5 

30799 



•000 


6 

32479 



*0012 


7 

34039 



•0156 


8 

35659 



*0208 


9 

37189 


1 

*0235 

•0208 

10 I 

38704 

.... 


*0351 

•0315 

11 

40264 



*0390 

•0351 

12 

41104 

93545 

41*761 

— 

— 


Results , — ^Here the brealdng-strain (P J per square inch of section is 93,545 
lbs., or 41*761 tons, and the corresponding elongation (Z^) per unit of length 
is *0390. By formula (13). — ^The work (zt) expended in producing rupture 
=1824. 
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Exp. XI. — Bar of Steel from the Heaton Steel and Iron Company, Langley 
Mills. Elongations taken on 8 inches length. Mark on bar, 2 ,^’ 
Diameter of specimen *758 inch. Area *4512 square inch. Itcduced 
diameter after fractiiro *758 inch. Area *4512 square inch. 


ISTo. 

of 

Exp. 

Woiglit 
laid ou. 

Breaking- w«itrain per 
square inch of section. 

Per unit of length. 

Homnrks. 

Elongation. 

Pcrniancnt 

set. 


lbs. 

lbs. 

tons. 




1 

16969 



•0019 



2 

23479 



•0024 



3 

28669 



•0024 



4 

32119 






5 

35479 



•0125 

•0103 


6 

3SS39 



•0235 

•0187 


w 

/ 

40510 



*0312 

•0235 


8 

42199 

93520 

41-752 



Broke in neck. 


Besults . — Here the breaking-strain (Pj) per square inch of section is 04,520 lbs., or 
41*752 tons, and the corresponding elongation per unit of length is *0312. By formula 
(13). — The work (?«) expended in producing rupture = 1451). 


Exp. XII. — Bar of Steel from the Heaton Steel and Iron Company, Langley 
Mills. Elongations taken on 8 inches length. Mark on bar, 
Diameter of specimen *740 inch. Area *4470 square inch, llcduoed 
diameter after fracture *626 inch. Area *8077 square inch. 


1 

1C969 






2 

22144 






8 

26149 

.... 


•0019 



4 

29794 



•0038 



5 

82944 






6 

86019 



■0157 

•0125 


7 

37099 



•0208 

•0157 


8 

80879 



•0234 

•0227 


9 

41050 



•0277 

■0250 


10 

41899 



•0312 

•0250 


11 

42789 



•0375 

•0253 


12 

43379 



.... 

•0390 


18 

44419 






14 

45250 



•0416 

•0400 

I 

15 

46690 



•0468 

•0416 


16 

46939 



•0520 

•0452 


17 

47359 



•0582 

•0512 


18 

47779 



•0625 



19 

48199 


.... j 

•0645 

•0580 


20 

48619 



•0781 

•0728 


21 

49039 

.... 


•0987 

•0750 

[centre. 

22 

49459 

113178 

5(>526 

.... 

— 

Broke 2 ins. from 


SesuUs , — Here the breaking-strain (Pj) per square inch of section is 133,178 lbs., or 
50*526 tons, and the corresponding elongation {/{) per unit of length is *0937. By for- 
mula (IS).— The work (ti) expended in producing rupture = 5302, 
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Exp. XIII. — ^Bar of Steel from the Heaton Steel and Iron Company, Langley 
MiUs. Elongations taken on 8 inches length. Mark on bar, “ 4.’’ 
Diameter of specimen *746 inch. Area *4370 square inch. De- 
duced diameter after fracture *746 inch. Area *4370 square inch. 


No. 

of 

Exp. 

Weight 
laid on. 

Breaking-strain per 
square inch of section. 

Per unit of length. 

Remarks. 

Elongation. 

Permanent 

set. 


lbs. 

lbs. 

tons. 




1 

16969 






2 

27484 






3 

35459 



•0019 



4 

39224 



•0208 

•0131 


5 

40784 


.... 

*0234 

•0206 


6 

41628 


.... 

*0250 



7 

43308 



•0274 



8 

44988 


.... 

•0364 

•0312 


9 

45828 

104869 

46 * 8 i 6 


— 

Broke in neck. 


Besults , — Here the breaking-strain (Pj) per square inch of section is 
104,869 lbs,, or 46*816 tons, and the corresponding elongation (l^ per unit 
of length is *0364. By formula (13). — The work (u) expended in produ- 
cing rupture 5= 1908. 


Exp. XI Y. — Bar of Steel from the Heaton Steel and Iron Company, Langley 
Mills. Elongations taken on 8 inches length. Mark on bar, “ 5.” 
Diameter of specimen *754 inch. Area *4465 square inch. Deduced 
diameter after fracture *754 inch. Area *4465 square inch. 


1 

24049 



•0038 



2 

33629 



•0208 



3 

40784 



•0393 

•0307 


4 

42464 



•0646 



5 

43304 



•0781 

•0750 


6 

43724 



•0937 

•0821 


H 

i 

44144 

98866 

44 * i 36 

— 

] 

Broke near neck. 


Besiilts , — Here the breaking- strain (Pj) per square inch of section is 
98,866 lbs., or 44*136 tons, and the corresponding elongation (l^) per unit of 
length is *0937. By formula (13). — The work (u) expended in producing 
rupture =4631. 


1869. 


X 
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Exp. XY. — Bar of Steel from the Heaton Steel and Iron Company, Langley 
Mills. Elongations taken on 8 inches length. Mark on bar, 
Diameter of specimen *754 inch. Ai’ea '4465 squai'e inch. He- 
duced diameter after fracture *528 inch. Area -2560 square inch. 


No. 

of 

Exp. 

Weight 
laid on. 

llreaking-strain per 
square inch of section. 

Per unit of length. 

Boniarks. 

Elongation. 

Pornninenb 

sot. 


lbs. 

lbs. 

tons. 




1 

24049 



•0038 



2 

32629 






3 

39784 



•0412 

■0375 


4 

41464 


.... 

*0468 

•0419 


5 

42304 



■0500 

*0450 


6 

43144 



*0500 



7 

439S4 



•0520 



8 

44824 



*0663 



9 

45244 



•0693 

•0663 


10 , 

456G4 

1 


*0702 



11 

46504 1 



*1041 

•1012 

[nock. 

12 

46924 

165693 

46*915 



Broke 2 ins. from 


Jicsnlts . — Here the breaking-strain (P^) per square inch of section is 
105,093 lbs., or 40*915 tons, and the corresponding elongation per unit 
of length is *1041. By formula (13). — ^The work (u) expended in producing 
rupture =5464. 




Bummaiy of Eesults of the Experiments on Tensile Strain. 
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THIRD SERIES OF EXPERIMENTS. 


COMPEESSIVE STKAIIT. 

Exp. I. (June 1867).— Bar of Steel from the Barrow Hajmatito Steel and 
Iron Company. Mark on bar, “ H 1.” 

Before experiuient. Alter experiment. 

Heiglit of specimen "i)81 ineb. *784 inch. 

Diameter of specimen *72 inch ‘8r54 inch. 

Area of specimen *4071 sq. in *5728 sq. in. 


Bemarks. 


No. 

of 

Exp. 

Weight laid 
on 

specimen. 

Weight laid 
on per square inch 
of section. 

Com- 
pression, 
in inches. 

1 

lbs. 

37438 

tons. 

16-713 

lbs. 

91951 

tons. 

41*049 

•033 

2 

44960 

20-074 

110440 

49*303 

*042 

3 

52166 

23*288 

128124 

57*198 

•050 

4 i 

58950 

26*316 

144786 

64*637 

•066 


66022 

29*474 

102156 

72-391 

*075 

6 

73134 

32*649 

179722 

80*233 

*100 

7 

80214 

35*809 

197023 

87*952 

•133 

8 

88134 

39*345 

216465 

96*630 

•187 

9 

91840 

41*000 

225568 

100*700 

•200 



No cracks. 


Results , — Here the strain per square inch (Pj)can8ing rupinrois 225,508 Ihs., 
or 100*7 tons, and the corresponding compression (/j) per unit of length is *2. 
By formnla (13), — The work (t^) expended in producing rupture = 22550. 


Exr. II. — ^Bar of Steel from the Banw Ilmmatito Steel and Iron Company. 

Mark on bar, “ H 2.’’ 

Before experiment. After experiment. 

Height of specimen *071 111011 -498 inch. 

Diameter of specimen *72 inch . ' 1 *000 iiK'h. 

Area of spocimen -4071 sq. in ’8022 s(j. in. 


1 

37438 

16*713 

91951 

40*049 

•TOO 

j 1 

2 

44966 

20*074 

110440 

49*303 

•138 

1 1 

1 1 

3 

52166 

23*288 

128124 

57-198 

■200 

1 1 

4 

58950 

26*316 

144786 

64*037 

*260 

I . j 

5 

66022 

29*474 

162156 

72*391 

*310 

t/mMlll llillH 

6 

73134 

32*649 

179722 

80*233 

-350 


7 

80214 

35*809 

197023 

87*952 

•400 


8 

88134 

39*345 

216465 

96*636 

•425 

IllilflllV 

9 

91840 

41*000 

225568 

100*700 

•450 

No cracks. 


Results . — ^Here the strain per square ineh(Pj) causing rupture is 225,568 Ihs., 
or 100*7 tons, and the corresponding compression (2^) per unit of length is *45. 
By formula (13).— The work (u) expended in producing rupture = 50752. 
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Exp. III. — Bar of Steel from the Barrow Haematite Steel and Iron Company. 
Mark on bar, H 3.’’ 

Before experiment. After experiment. 

Height of specimen *968 inch -536 inch. 

Diameter of specimen *72 inch 1*065 inch. 

Area of specimen *4071 sq. in *8906 sq. in. 


No. 

of 

Exp. 

Weight laid 
on 

specimen. 

Weight laid 
on per square inch 
of section. 

Com- 
pression, 
in inches. 

Remarks. 

1 

lbs. 

37438 

tons. 

16*713 

lbs. 

91951 

tons. 

41*049 

*100 

r 

2 

44966 

20*074 

110440 

49*303 

*153 

i 1 

3 

52166 

23*288 

128124 

57-198 

*210 

1 

4 

58950 

26*316 

144786 

64*637 

*275 

I 1 

! 1 

5 

66022 

29*474 

162156 

72-391 

*312 


6 

73134 

32*649 

179722 

80*233 

*350 

IHnil llllfll 

7 

80214 

85-809 

197023 

87-952 

*400 


8 

88134 

39-345 

216465 

96*636 

•412 


9 

91840 

41-000 

225568 

100*700 

*450 

Ho cracks. 


Results , — Here the strain per square inch (P^) causing rupture is 225,5681bs., 
or 100*7 tons, and the corresponding compression (^Jper unit of length is *45. 
Bj formula (13). — The work (u) expended in producing rupture =: 50752. 


Exp. IY. (January 1868). — Bar of Steel from the Barrow Haematite Steel 
and Iron Company. Mark on bar, “ H 1 + 

Before experiment. After experiment. 

Height of specimen 1*00 inch *51 inch. 

Diameter of specimen *72 inch 1*08 inch. 

Area of specimen *4071 sq. in *9175 sq. in. 


1 

37438 

16-713 

91951 

41*049 

*160 

2 

. 44966 

20*074 

110440 

49-303 

•160 

3 

52166 

23*288 

128124 

57*198 

•220 

4 

58950 

26*316 

144786 

64*637 

•283 

5 

66022 

29*474 

162156 

72*391 

*340 

6 

73134 

32*649 

179722 

80*233 

•383 

7 

80214 

35*809 

197023 

87*952 

*425 

8 

88134 

39*345 

216465 

96*636 

*475 

9 

91840 

41*000 

225568 

100*700 

•480 



Ho cracks. 


Results . — ^Here the strain per square inch (P^) causing rupture is 225,568 lbs., 
or 100*7 tons, and the corresponding compression per unit of length is *48. 
By formula (13), — The work (u) expended in producing rupture = 54136. 
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Exp. Y.— Bar of Steel from the Barrow Hematite Steel and Iron Company. 
Mark on bar, 

Before experiment. After experiment. 

Height of specimen *981 inch. .... *653 inch. 

Diameter of specimen ...... *72 inch. .... 1*02 inch. 

Area of specimen *4071 sq. in *J^1 68 sf[. in. 


Ko, 

of 

Exp. 

Weight laid 
on 

specimen. 

Weight laid 
on per square inch 
of section. 

Com- 

pression 

ininchos 

1 

lbs. 

37438 

tons. 

16-713 

lbs. 

91951 

— 

tons. 

41-049 

•092 

2 

44966 

20-074 

110440 

49-303 

•120 

3 

52166 

23-288 

128124 

57-198 

*175 

4 

58950 

26-316 

144786 

G4-G37 

-220 

5 

66022 

29-474 

162156 

72-391 

*283 

6 

73134 

32-640 

179722 

80-233 

-325 

7 

80214 

35-809 

197023 

87*952 

-380 

8 

88134 

39-345 

210466 

90-036 

-412 

9 

91S40 

41-000 

1 

225568 

100-700 

*525 


Bemnrlis. 



!N’o cracks. 


Results , — Here the strain per square inch (P^) causing rupture is 225,6G81hs., 
or 100*7 tons, and the corresponding compression (7,) per unit of length is 
•525. By formula (13). — The work (u) expended in producing rupture 


Exp. YI. — ^Bar of Steel from the Barrow HaDmatite Stool and Iron Company. 
Mark on bar, 

Before cxperimoiit. After experiment. 

Height of specimen *97 inch. .... *504 inch. 

Diameter of specimen .... *72 inch, .... 1 *07 inch. 

Area of specimen *4071 sq. in *8984 sq. in. 


1 

37438 

16-713 

91951 

41-049 

•100 




1 

2 

44966 

20-074 

110440 

49-303 

•1()0 

1 

1 


1 

! 

3 

52166 

23-288 

128124 

67-198 

*220 

1 


1 

4 

58950 

26*316 

144786 

64-637 

-267 


HIP - 

ill 

iiiliin 

5 

66022 

29-474 

162156 

72-391 

•325 

fll 

11 


H 

6 

73134 

82-640 

179722 

80-233 

•374 : 

mi 

11 


HI 

7 

80214 

35-809 

197023 

87-952 

•410 


If 


||h 

8 

88134 

39-345 

216465 

96-636 

•450 

toBH 

iM! m 

llllllMy 

9 

91840 

41*000 

225568 

100-700 

•474 

Slight cracks. 


JSesuZis. — ^Herethestrainper square inch (P J causing rupture is 225,508 lbs., 
or 100*7 tons, and the corresponding compression per nnit of length is 
*474. By formula (13).— The work (te) expended in producing rupture 
53459, 
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Exp. yil. — Bar of Steel from the Barrow Hsematite Steel and Iron Company. 
Mark on bar, 

Before experiment. After experiment. 

Height of specimen -974 inch. .... *581 inch. 

Diameter of specimen .... *72 inch. 1*01 inch. 

Area of specimen *4071 sq. in *8011 sq. in. 


No. 

of 

Exp. 

Weight laid 
on 

specimen. 

Weight laid 
on per square inch 
of section. 

Com- 
pression, 
in inches. 

1 

lbs. 

37438 

tons. 

16-713 

lbs. 

91951 

tons. 

41*049 

-075 

2 

44966 

20-074 

110440 

49*303 

*100 

3 

52166 

23*288 

128124 

57*198 

*133 

4 

58950 

26*316 

144786 

64-637 

•190 

5 

66022 

29*474 

162156 

72-391 

•225 

6 

73134 

32*649 

179722 

80*233 

*295 

7 

80214 

35*809 

197023 

87-962 

*325 

8 

88134 

39*345 

216465 

96-636 

•375 

9 

91840 

41*000 

225568 

100-700 

•392 


Remarks. 



No cracks. 


Results . — ^Herethe strain per square inch (P^) causing rupture is 225,568 lbs., 
or 100*7 tons, and the corresponding compression per unit of length 
is *392. By formula (13). — ^The work (u) expended in producing rupture 
44211. 


Exp. Till. — ^Bar of Steel from the Barrow Haematite Steel and Iron Company. 
Mark on bar, ‘‘H5 + -’’ 

Before experiment. After experiment. 

Height of specimen *968 inch. .... *58 inch. 

Diameter of specimen .... *72 inch. .... *996 inch. 

Area of specimen *4071 sq. in *7791 sq. in. 


1 

37438 

16-713 

91951 

41*049 

-087 

1 

1 

— 

1 

2 

44966 

20*074 

110440 

49*303 

•100 

1 


1 

3 

52166 

23*288 

128124 

57-198 

•137 

1 


{ 

1 

4 

58950 

26-316 

144786 

64-637 

-190 

JMUW/lliln 



5 

66022 

29*474 

162156 

72*391 

•233 



iinH 

6 

73134 

32*649 

179722 

80*233 

•288 

i 


I’llIB 

7 

80214 

35*809 

197023 

87*952 

■325 



1 j|H|||v 

Q 



21 6466 

96*636 

•375 




o 

9 

OOJl-O^x 

91840 

41*000 

225568 

KJ^KJ 

100-700 

•400 

No cracks. 


Results . — ^Herethe strain per square inch(Pj)causingrupture is225,568 lbs., 
or 100*7 tons, and the corresponding compression (\) per unit of length 
is *4. By formula (13). — ^The work (u) expended in producing rupture 
= 45113. 
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Exp. IX. — ^Bar of Steel from the Barrow Hcematite Steel and Iron Company. 
Mark on bar, H 6 + 


Before experiment. 


Height of specimen *985 inch. 

Diameter of specimen, . . . '72 inch. 

Area of specimen *4071 sq. in. 


After experiment. 

'586 inch. 
1*012 inch, 
•8042 sq. in. 


No. 

of 

Exp. 

Weight laid 
on 

specimen. 

Weight laid 
on per square inch 
of section. 

Com- 
pression, 
in inches. 

Eeiuarks. 


lbs. 

tons. 

lbs. 

tons. 






1 

37438 

16*713 

91951 

41*049 

-075 

I 


1 

2 

44966 

20-074 

110440 

49*303 

*100 

1 


1 

3 

52166 

23*288 

128124 

57*198 

•150 

1 

1 


1 

4 

58950 

26*316 

144786 

64-637 

•200 




5 

66022 

29-474 

162156 

72-391 

*260 

III 1 



6 

73134 

32*649 

179722 

80*233 

•300 

III 1 



7 

80214 i 

35-809 

197023 ! 

87*952 

•320 




8 

88134 

39-345 

216465 1 

96*636 

•383 



ImlumW 

9 1 

1 

91840 

41-000 

225568 1 

100*700 

•400 

Xo cracks. 


Besults . — Here the strain per square inch (PJ causing rupture is 225,508 lbs., 
or 100*7 tons, and the corresponding compression (l^ per unit of length 
is '4. By formula (13). — The work (u) expended in producing rupture 
= 45113. 


Exp, X, (April 1869). — Bar of Steel from the Heaton Steel and Iron Com- 
pany, Langley Mills. Mark on bar, 


Height of specimen. , 
Diameter of specimen 
Area of specimen . . 


Before experiment. 
1-00 inch. 

, '72 inch. 

. '4071 sq. in. 


After experiment. 
. . . *723 inch. 

, . , *906 inch. 

. , . *6448 sq. in. 


1 

44606 

19*913 

109572 

48'916 

•030 

1 

2 

5215B 

23*284 

128366 

57-368 

-040 

1 

1 

3 

59646 

26*627 

146514 

65*408 

-065 


4 

68942 

30-777 

169349 

76-602 

•130 

\lgMm 

5 

76110 

33-977 

186956 

83*462 

-215 

MMil I IKm 

6 

82382 i 

36-777 

202363 

90*340 , 

-290 


7 

85070 1 

37-977 

208965 

93*288 

•300 


8 

86862 

39-670 

213367 

95*253 1 

•315 


9 

91840 

41-000 

225568 

100*700 

•333 

Ho cracks. 


Eemlts . — Here thestrain per square inch (Pi)oausingrupture is 225,568 lbs., 
or 100*7 tons, and the corresponding compression (\) per unit of length 
is '333. By formtda (13). — ^The work (u) expended in producing rupture 
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Exp. XI. — Bar of Steel from the Heaton Steel and Iron Company, Langley 
Mills. Mark on bar, 


Before experiment. 


Height of specimen 1*00 inch. 

Diameter of specimen *72 inch. 

Area of specimen -4071 sq. in. 


After experiment. 

*74 inch. 

•908 inch. 
*6475 sq. in. 


No. 

of 

Exp. 

Weight laid 
on 

specimen. 

Weight laid 
on per square inch 
of section. 

Com- 
pression, 
in inches. 

Bemarks. 


lbs. 

tons. 

lbs. 

tons. 



— 


1 

44606 

19-913 

109572 

48*916 

■060 

1 

I 


1 

1 

2 

52030 

23-227 

127806 

57-056 

•080 

1 

1 

iRimniiLa 

3 

59102 

26-384 

145178 

64*811 

*110 

fli 

j 

||H 

4 

66662 

29*759 

163748 

73-101 

*150 



|||i| 

5 

74390 

33*209 

182731 

81-576 

•200 

||H 


lllll 

6 

81558 

36*409 

200339 

89*437 

*240 




7 

88726 

39*609 

217946 

97*297 

•270 

VH|| 

1 I 

IIH 

8 

92840 

41*000 

225568 

100*700 

•288 

Xo cracks. 


Hesults , — Here the strain per square inch (P^) causing rupture is 225,568 lbs., 
or 100*7 tons, and the corresponding compression (l^) per unit of length 
is *288. By formula (13). — The work (u) expended in producing rupture 
= 32481. 


Exp. XII. — ^Bar of Steel from the Heaton Steel and Iron Company, Langley 
Mills. Mark on bar, 3.’^ 

Before experiment. After experiment. 


Height of specimen 1*00 inch. .... *76 inch. 

Diameter of specimen *72 inch. .... *866 inch. 

Area of specimen *4071 sq. in *5898 sq. in. 


1 

44606 

19-913 

109572 

48*916 

•060 


1 

2 

52030 

23*227 

127806 

57*056 

•070 




3 

59102 

26-384 

145178 

64*811 

-090 

4 


^ H 

4 

66662 

29-759 

163748 

73-101 

*120 

I 



5 

74390 

33-209 

182731 

81-676 

•170 

1 '-I 



6 

81558 

36-409 

200339 

89-437 

*200 

' 


I'j llllll 

7 

88726 

39-609 

217946 

97-297 

*230 

, i 


jj| HV 

8 

91840 

41-000 

226568 

100-700 

•257 

Xo cracks. 


Jlemlts . — ^Here the strain per square inch (Pi) causing rupture is 225, 5 68 lbs., 
or 100*7 tons, and the corresponding compression (l^ per unit of length 
is *257. By formula (13). — ^The work (y) expended in producing rupture 
« 28985. 
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Exp. XIII. — Bar of Steel from the Heaton Steel and Iron Company, Langley 
Hills. Mark on bar, 4.^’ 


Hcigbt of specimen. . 
Diameter of specimen 
Area of specimen . . . 


Befoi'O experiment. 
1*00 inch. 

•72 inch. 
•4071 sq. in. 


After ex])eriinent. 
•781 inch. 
•S()4 inch, 
•5803 S(]. ill. 


No. 

of 

Exp. 

Weight laid 
on 

specimen. 

Weight laid 
on per square inch 
of section. 


lbs. 

tons. 

lbs. 

tons. 

1 

44600 

19*913 

109572 

48*916 

2 

52030 

23-227 

127806 

57-05G 

3 

59102 

26-384 

145178 

64-811 

4 

66662 

29-759 

163748 

73*101 

5 

74390 

33-209 

182731 

81-576 

6 

81558 

36-409 

200339 

89-437 

7 

88726 

39-609 

217946 

97-297 

8 

91840 

41-000 

225568 

100-700 


Com- 
pression, 
in ill dies. 


Koniarks. 


•050 

•070 

•080 

•120 

•100 

•190 

•230 

•247 



Ho cracks. 


JResuIts , —Here the strain per square inch (P,) causing rupttire is 225,5(58 lbs., 
or 100*7 tons, and the corresponding compression (?j) per unit of length 
is -247. By formula (13). — The work hi) expended. in producing rupture 
== 27857. 


Exp. XIY. — Bar of Steel from the Heaton Steel and Iron Company, Langley 
MiUs. Mark on bar, 5,” 

Before experimont. After oxpcrimimt. 


Height of specimen 1*00 inch. .... *78 iuclu 

Diameter of specimen *72 inch. .... *87 inch. 

Area of specimen *4071 sq. in *5944 sq. in. 


1 

44G06 

19-913 

100572 

48-916 

•050 

1 1 

1 1 

2 

52030 

23*227 

127806 

57-056 

*070 


3 

59102 

26-384 

145 178 

64-811 

-090 

iBrf -fH|| 

4 

66662 

20-759 

163748 

73-] 01 

•J20 

mm V wlmM 

5 

: 74390 

33-209 

182731 

81-576 

•106 

Km I f llmm 

6 

i 81558 

30*409 

200339 

89-437 

•200 

Hill /fllHv 

7 

: 88726 

39*609 

217946 

97-297 

-2^0 

Hffi IIIIIIIMm 

8 

91840 

41-000 

225568 

100-700 

•257 

No cracks. 


SemlU , — Here the strain per square inch (P^) causing rupture is 225,508 lbs., 
or 100*7 tons, and the corresponding compression (l^) per unit of length 
is -257. By formula (13). — The work (ii) expended in producing rupture 
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Exp. XV. — Bar of Steel from tlie Heaton Steel and Iron Company, Langley 
Mills. Mark on bar, 6.” 


Before experiment. After experiment. 


Height of specimen ........ 1*00 inch *734 inch. 

Diameter of specimen *72 inch *903 inch. 

Area of specimen *4071 sq. in *5404 sq. in. 


No. 

of 

Exp. 

Weight laid 
on 

specimen. 

Weight laid 
on per square inch 
of section. 

Com- 
pression, 
in inches. 

Remarks. 


lbs. 

tons. 

Ihs. 

tons. 


I — 

— 

— 


1 

44606 

19*913 

109572 

48*916 

•060 

I 



1 

1 

2 

52030 

23*227 

127806 

57*056 

•080 

f 

■f 

— Hi 


3 

59102 

26*384 

145178 

64*811 

•no 

fl 

1 

11 

llll 

4 

6G662 

29*759 

1G3748 

73*101 

•150 

III 



lllll 

5 

74390 

33*209 

182731 

81*576 

•190 


1 

11 

llll 

6 

81558 

36*409 

200339 

89*437 

•230 

l||| 


ii 


7 

88726 

39*609 

217946 

97*297 

•270 

Hi 

j 

i 

lllf 

8 

91840 

41*000 

225568 

100*700 

288 

Ho cracks. 


Besults . — Here the strainper square inch(Pj) causing rupture is 225*568 lbs., 
or 100*7 tons, and the corresponding compression (Zj) per unit of length 
is ‘288. By formula (13). — The work (ii) expended in producing mptine 
= 32481. 
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Abstract of Bccperiments on RmnatiU Steel, 

Tlie strengtli of these bars, owing to their flexibility, is inferior to the 
strength of the other Bessemer steel bars before experimented npom 
Taking the average of all these latter bars, the mean value of C, the unit of 
working strength, is 5*8 tons ; whereas this constant for the haematite bars is 
only 4*2 tons, showing that the former are about stronger than the latter. 
With about ^ more weight laid on the bars their power of restitution was 
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measured by about § of the "whole deflection, showing that this load was 
considerably within that requisite to produce rupture. Owing to the high 
flexibility of the htematite bars, their modulus of elasticity is low. It may 
be here worthy of observation that, for bars of the same length, the modulus 
of elasticity varies inversely as the coefficient (BJ of the deflection for 

unity of pressure and section, that is, E oo i. 

These bars underwent a great elongation by a tensile strain, and a large 
compression by a comi)ressive strain, the average elongation being, per unit 
of length, ‘0792, and that of compression *439 ; whereas these numbers for 
the other bars, before experimented upon, did not, on an average, exceed 
•06 and *355 respectively, showing the flexibility and superiority of this 
steel in its powers to resist impact. The average tensile resistance of the 
bars is about 35 tons per square inch, whereas the resistance for the other 
Bessemer bars, before experimented upon, was about 42 tons ; so that the 
tensile strength of the latter is ^ greater than that of the former. 

The quality of hardness of steel and wrought iron may be comparatively 
measured by the amount of extension under a given tensile strain, and the 
amount of compression under a given compressive strain. Applying this 
test to the results of the experiments on the various steel bars, we And that 
the hardest bars arc the strongest, irrespective of the companies hy whom they 
were manufactured. We And, for example, that the elongation per unit of 
length for eight of the best Bessemer bars did not exceed *018, and the 
compression per unit of length did not exceed *25. These bars had a 
temper probably exceeding that of spring-steel, and less than that for tools. 
The haematite bars are of a totally different description of steel from that 
manufactured for springs and tools, and this accounts for their compara- 
tively low powers of resistance. 

The experiments first made upon the hsematite steel are anomalous. The 
first bar experimented upon showed great powers of resistance, but the last 
two gave results inferior to those obtained by the last experiments. At the 
same time the value (B^) for unity of pressure and section, in the first expe- 
riments, is somewhat below the general average of the results of all the 
other experiments, thereby giving a considerable value to the modulus of elas- 
ticity. I suspect that the temper of the first bar was high ; but whether the last 
two bars had a temper too high or too low, I am at a loss to determine. If 
it is desirable to have full justice done to the hmmatite steel bars as to their 
powers of resistance, a scries of bars of the same degree of hardness as to 
the first bar mentioned, which gave considerably more than average powers 
of resistance, should be made, in order to compare with the harder descrip- 
tions of steel, as exhibited by other makers — ^numbers of which have, no 
doubt, been melted in the crucible, and selected for the purposes of ex- 
periment, 

Abstract of the Experim&nts on the Heaton Eteel. 

This steel being the product of a totally different process of manufacture 
from that of aU the other steel bars previously experimented upon, and as 
those bars were derived from the best known processes and received from 
the best of makers, it is a matter of the greater moment to ascertain how it 
stands in relation to them as regards strength and those other properties which 
are peculiar to steel. It is for this object that an abstract separate from that 
of the Barrow steel manufacture has been drawn up. 

These bars, in their resistance to a transverse strain, show a very decided 
superiority over the steel bars which I experimented upon before, and on 
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wMok I reported to tlie British Association of 1867. For instance, the mean 
value of C, the unit of working* strength for these bars, is 7*494 tons, whereas 
this value for the other bars was only 5*746 tons, showing that these bars 
are *3 stronger. The value of tt, or the work of deflection for unity of 
section, for these bars is 90*970, whereas for the other steel bars it is only 
51*696. This value of w exhibits the powers of the several bars to resist a 
force analogous to that of impact. It is therefore clearly shown that this 
steel must be peculiarly well adapted to resist the force of sudden shocks, 
considering that it is | superior in this quality to any other of the steel bars 
before experimented upon. 

The flexibility of this steel is slightly inferior to that of other steel ; the 
measure of flexibility (DJ being for these bars *001345, and for the other 
bars *001861. The modulus of elasticity is somewhat low for steel, although 
at the same time it is very little below the general average of those from my 
former experiments. 

This steel, I consider, well adapted to withstand severe transverse strains, 
for it combines the two essential qualities of great strength and superior 
powers in its resistance to the force of impact. 

The mean breaking tensile strain, per square inch of section, of this steel is 
45*28 tons ; whereas this value for the other steel bars, before experimented 
upon, is 41*77 tons. The Heaton bars are, therefore, *08 stronger in their 
resistance to the force of tension than the average result obtained from 
the steel bars previously experimented npon. This result, whilst placing 
the Heaton stool in a highly satisfactory position when compared with the 
mean of the whole of the steel experimented upon, places it at the same 
time below that produced by some individual manufacturers. The elongation 
of these bars was considerable, and a good deal above tho mean for the other 
bars, thereby giving a largo value for tho work done in breaking tho bar. 

These bars show high powers of resistance to a compressive stx’ain, 
all the specimens having undergone the test of 100 tons on the square inch 
without any visible external signs of fracture. 

It would bo very difficult to compare the diflbrent bars in their rosistatico 
to compression, for nearly all the specimens underwent a strain of above 100 
tons on the square inch without exhibiting tho slightest trace of a crack. 
As the lever by which tho specimens were crushed was not competent to 
produce a greater strain, it was impossible to And out tho crushing weight ; be- 
sides, even then, supposing it possible to produce tbo requisiie strain, it would 
be a task of extreme difficulty to find out at what precise weiglit tho column 
began to give way. Under these circumstances, it can only be left to the 
judgment of the person wishing to select steel to resist a compressive force 
to choose that which he thinks best adapted to his purpose, tho choice being 
regulated by the ductility of the metal as exhibited by the amount of comprcjs- 
sion. In looking through the experiments, however, one thing is clear, that 
tho hardest steels sustained very little compression, whilst tho softer ones, in 
the majority of cases, were reduced to almost half their original height. 

From this abstract it will be seen that this steel, manufactured by Mr. 
Heaton, stands in the most favourable light in comparison with steel pro- 
duced by other manufacturers ; and if it be taken into consideration that 
two-thirds of the iron from which this steel was converted, was composed of 
Northamptonshire pig-iron, we may reasonably look forward to this invention 
creating a considerable improvement in the production and cost of steel. 

Oom^^arison of Wi^oiight Iron with Sieel, 

Having lately had occasion to experiment on some wrought- iron bars, of 
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the best quality, used iu the manufacture of armour-plates, by Messrs. J. 
Erown and Co., I avail myself of this opportunity of comparing the results 
obtained from this iron with those obtained from the steel bars. The 
wrought-iron bars were tested in exactly the same manner as the steel ones, 
and were successively subjected to transverse, tensile, and compressive 
strains ; the results obtained from which will be found in the following ab- 
stract, where they are compared in their several strains to the steel bars. 

The average value of C, the unit of working strength for wrought iron, 
is about 2*25 tons, whereas the value of this constant taken for fifteen of 
the best steel bars is 7*4 tons, so that the strength of the latter is times 
that of the former. The average value, however, of C for the whole of the 
steel bars experimented upon is 5-921, showing that the average strength of 
steel in resisting a transverse strain is more than 2^ times that of wrought 
iron. The mean transverse resistance per square inch for the wrought-iron 
bars, at the elastic limit, is equal to 6 C, or 6 x 2|, or 13J tons, which is some- 
what greater than the resistance usually assigned to wrought-iron bars. 
The average value of D^, for unity of pressure and section, for the wrought- 
iron bars is *00167, whereas the value of this constant for the steel bars is 
about *0013, showing that wrought-iron bars have a much greater flexi- 
bility than steel bars, and, as a necessary consequence, they have a much 
lower modulus of elasticity. Under a transverse strain the work of de- 
flection up to the limit of elasticity is exceedingly low for wrought-iron 
bars ; but the work expended in elongation up to the point of rupture is 
greater than the average of that determined for the steel bars : this is owing 
to the extensibility of the wrought iron ; for whilst the unit of elongation for 
the average of the steel bars is not quite *05, that of wrought iron is *14, or 
about three times greater. The same observation applies to the work of 
compression. The average compression per unit of length is *45, whereas 
for the steel bars it is only about *3 of an inch. 

The average breaking tensile strain, per square inch of section, of the 
wrought-iron bars is 2o^ tons, while this average for the steel bars is 42| 
tons, showing that the latter are | stronger than the former. With a 
strain of 22| tons per square inch the wrought-iron bars had not entirely 
lost their powers of restitution, or the power of regaining, to some extent, 
the preceding set. 

Although the short columns underwent a large compression under the 
action of a compressive force, yet the pressure corresponding to the first 
visible indication of rupture is considerable, being, on an average, about 
seventy tons per square inch, which is about two-thirds of that of hard steel 
columns. With comparatively soft material, like that of wrought iron, it is 
difficult to determine the exact point at which the material in such columns 
is fractured, so that the fullest reliance cannot be placed on the results of 
such experiments. 

I have appended a general summary of all my experiments on steel, in 
order that comparisons may be readily made without the inconvenience of 
referring to the preceding Eeport. It may be stated that the experiments 
have given good results, and prove that steel can be produced of double the 
strength of Avrought iron ; and, at the same time, the homogeneity of its 
structure can be depended upon. If the cost of steel be reduced and ap- 
proximates closer to that of iron, we may soon look forward for the sub- 
stitution of this important metal in the place of iron. 
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Appendix I. 

In addition to the foregoing experiments, it was considered desirable to 
have a steel beam made of the usual form, in order to ascertain the compa- 
rative merits of steel and wrought-iron girders. Por this purpose two 
beams were constructed, of that quality of steel best suited to ensure dura- 
bility and safety. A much harder description of steel (40 tons to the stpiaro 
inch) might have heeii chosen ; hut that was not wanted, for the object sought 
was ductility and moderate strength in its powers to resist impact. The fol- 
lowng experiments will show the results. 


Experiment on a Steel Girder from the Barrow HEematite Steel Company, 
Length between the supports 13*9 feet. Sectional area 2*31 inches. 
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A wrought-iron girder of the same dimensions would break with 11-8 
tons. The comparison, therefore, stands as 18*1: 11*8, being in the ratio 
of 1 : ’ 652 . The resistance of this description of steel to a transverse strain 
IS therefore more than one and a half times greater than that of wrought 
iron, ® 


Experiment on a Steel Girder from the Barrow Hsematite Steel 
Company (April 1868), 

Length between supports 13-9 feet. Sectional area 2-31 inches. 


No. 

of 

Exp. 

Weight laid on 
girder. 

Deflection, 

in 

inches. 

Remarks. 


lbs. 

tons. 



1 

12152 

5-425 

•196 

This weight remained on 120 hours. 

2 

18872 

8-425 

•330 

3 

24192 

10-800 

•442 


4 

29512 

13-175 

•524 

This last weight having remained 
upon the beam a short time, it sud- 
denly gave way by lateral flexure, 
and one of tbe angle-irons being 
broken, the experiment was discon- 
tinued. 


There is great difficulty in testing beams of this description, arising from 
the narrow top and bottom flanges, which, to prevent injury from lateral 
flexure, should^be loaded and broken through the sides of a rigid frame. In 
this case the beam was identical in every respect with the previous one, and 
would have carried the same weight but for the lateral injuries it received in 
the early stages of the experiment. Taking, however, the strength of steel 
beams and the amount of deflection when submitted to a transverse strain, 
it will be found that they are not only one-third stronger than those of the 
best wrought iron, but they are much superior in their powers to resist im- 
pact, and therefore more secure under the influence of a rolling load or 
severe vibratory action often repeated. 

Taking into account the pecuhar properties of this material, its superior 
strength, the saving of one-third in weight, and other conditions of security, 
it is (under the conditions of perfect imiformity of character in the manufac- 
ture) admirably adapted for rolled joists and girders, as also for bridges, 
where high powers of strength and elasticity are required to resist the united 
forces of load and impact. 


Appendix II. 

The ^ Practical Mechanics’ Journal ’ gives the following description of the* 
furnace and apparatus for the manufacture of steel on the Heaton system^ 
See Plate II. : — 

The Heaton converter (fig. A) is nearly a cylindrical cupola, lined with 41- 
inch fire-brick, the shell of boiler plate, and surmounted by a plate-iron coni- 
cal cap and narrower cylindrical flue of a few feet in height* The cupola may 
be supposed cut in two horizontally at about one diameter and a haK in height,, 

L 2 
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and the bottom part rendered moveable and capable of being withdi^awii on 
wheels, without disturbance to the supports &c. of the remaining upper por- 
tion of the converter. Eeady means of temporary attachment by clamps and 
cotters arc provided to connect the two parts, whicli thus so lh,r present a 
close resemblance to the Calehcme cupola still iu use in Belgiuni. At one, side 
of the cylindric fixed part of the converter, a sort of hopp(U‘, with a loosely 
hinged iron-plate cover, is provided, which eoimmmicates ^yiih the cavity 
witlii]!. 

The lower part, or converting-pot,’^ has a cylindrical cavity with a Hat 
bottom, and with the sides near the top edge sloping inwards to a cone all 
round. The cavity, up to the level of the lower edge of this cone, is prepared 
to just hold the bulk of crude nitrate of soda required for the volume of liquid 
iron to be operated on, and for the latter when converted ; the pro])ortion of 
nitrate, as at present employed hy the patentee, being 2 cwts. to the ton of 
Hquicl iron, or 10 per cent. — a proportion, we may remark, which hotli the 
metallurgists who have been engaged in examining this process hy tlic ]")re- 
sent owmers of the patents arc of opinion is a good deal in excess of u'hat 
is needed, when the conditions for the movst favourable reaction shall ho more 
completely and more scicntilicalLy understood. The converting-pot ” is 
lined with fire-brick and refractory clay. "When the crude nitrate is filled 
in and levelled up to, or a trifle beyond, the narrow part of the conical lining, 
the cast-iron perforated plate is simply laid upon its level surface, juid worked 
round a little until its edges hod fiimly into and upon the clay lining. Tn 
this state tlac couvorting-pot is rolled in under the upper part of the convci’ter, 
clamped up to it, and the whole is now’ ready for work. 

“The charge of crude cast iron is melted with coke in an ordinary cupola ; 
at present it is tapped out into a crane-ladle. This is swung round hy the 
crane, and the contents at once emptied into the opened lioppor of the con- 
verter. The molten iron falls irpon the cold cast-iron plate ; its low’oriuost 
stratum is for the moment chilled and nearly consolidated hy the heat with- 
drawn by contact, and for some minutes there is no porcopiahlo action. In 
this state a vertical section of the charged and filled couvorler is requu- 
sented by fig. 1. Soon, how’ever, the lower stratxim recovers its liquidity, aiul 
begins to penetrate below the no^v more than red-hot and softened pevforaied 
cast-iron jDlatc, and reaction commences, evidenced hy the appearance of whit^e 
and grey vapours at the top of the convertor-funnel. The nitrate has no 
doubt hy this time got much impacted and partly fused at its u])])cr sirnta. 
The reaction producing a largo accession of heat at the plane of oontfict, of 
the molten iron and of nitrate, the plate melts and disa]>p(iars. A burst 
of brilliant yellow flame at the top of the convortcr-funncl indicfii(‘B that 
the reaction is then at its height. This lasts steadily for some few minutes 
(three to five usually, with 12 or 15 cwt. charges), and then rapidly suhHiclcs. 
The conversion is now complete. The bottom of the convertor, or “ convtniing- 
pot,” is now detached and rolled away, and the convertor is ready for another 
bottom and another charge. 

“ When we examine the converting-pot withdrawn, wo find its surface 
covered to the depth of an inch or two with a dark “ blahby slag,” through 
which brilliant jets of yellow sodium-coloured flame from escaping gases arc 
constantly sporting. This slag consists chiefly of the soda of the nitrate, 
combined with silica and clayey matters derived from the lining of the con- 
verter, and involving some “ shots ” of metallic iron or steel, and some little 
silicate of iron, &c. Beneath this is the converted metal, which the patentee 
calls “ crude steel.” It forms a white-hot, loursouflee, and tolerably liquid 
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the pig, hut allowing for the waste upon it at the ratio of 60 lbs. per ton, is 
£2 4s. per ton, or £2 15s. in crude steel cakes ; the cost of making it into 
steel-iron ” bars, from the fig-iron, is £3 10s. per ton for finished bars, and 
the cost of making tilted cast-steel bars, from the pig-iron, is £12 15s. 
per ton. We have seen the invoices of cast-stccl bars of this sort, sold from 
Langley Mills, at prices equal to those now current at Sheffield for well re- 
puted cast steel made by the process of cementation.” 


Second Report on the British Fossil Corals, 

By Dr. P. Martin Duncan^ F.R,S,j F. ^ See* Geol, Soc. 

This Eeport comprehends the description of the Coral-fauna of the periods 
when the strata of the Gault, Lower Greensand, Portland Oolite, Coral Bag, 
Great Oolite, and Inferior Oolite were deposited. It contains a general view 
of the physieo-geographical conditions of the British area during the Tertiary 
and Secondary periods so far as relates to coral growth, and also an enumera- 
tion and a Kst of the species. 

The result of the labour entailed by the study of the Tertiary and Secondary 
British Possil corals has been to add 146 species and many varieties to the 
111 or 112 previously known. 

Since the last Beport was read, the fossil’ Corals of the Upper and Lower 
Bed Chalk and of the Upper Greensand have been published in my mono- 
graph for the Palseontographical Society. 

Much progress has been made in the Beport on the Palmozoic Corals, but 
the Beport itself cannot be completed for some time. 

Corals from the Gault, 

Only six well-marked species of corals were known to MM. Milne-Edwards 
and Jules Haime as having been found in the Gault, They were all simple 
or solitary forms, and such as one would expect to find in moderately deep 
water. It is evident that the area occupied by the English Gault was not the 
coral tract of the period. The resemblance of the coral-faunas of the Gault 
and the London Clay is somewhat remarkable, and probably the physical 
conditions of the areas during the deposition of the strata wore not very 
dissimilar, 


MABREPOEARIA APOBOSA. 

Eamily TUBBINOLIBiB. 

Subfamily Cartophtllinas. 

Division CABYOPHXi.LrACEii{!. 

Genus Caeyophyllia. 

MM. Milne-Edwards and Jules Haime have changed the generic term 
Cyathina into that of its predecessor Caryophyllia ; consequently Gyathina 
Bowerhanki, Ed. & H., is now called CaryophyJlia BowerhanlcL Ed. & H. 
(Hist. Nat. des CoraU. voL ii. p. IS). 

A very interesting variety of this species is in the Bev. T. Wiltshire’s Col- 
lection, and has its costse running obliquely to the long axis of the coraUum. 
They are profusely granulated. 
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Division TROCHOCTiTHACEis, 

Genus Trochoctathits. 

1. Trochocyathus Barveyanus, Ed. & H. 

This species was described by MM. Milne-Edwards and Jules Haime in 
their ' Monograph of the British Eossil Corals/ part 1. p. 65. They associated 
it with two species, which are, as they suggest, undistinguishable, viz. 
Trochocyathus Konigi and Trochocyathus Warburtoni, The first of these 
species is the Turhinolia Konigi of Mantell. 

An examination of a series of specimens attributed to Trochocyathus 
Harveyanus, Ed. & H., and the consideration of the value of the Trochocyathi 
just mentioned, have led me to recognize five forms of Trochocyathi breves, 
all closely allied and well represented by the original type of Trochocyathus 
Barveyanm, Ed. & H. When placed in a series with this Trochocyathiis at 
the head, there is a gradation of structure which prevents a strictly specific 
distinction being made between the consecutive forms ; but when the first 
and the last forms are compared alone, no one would hesitate to assert that 
there is a specific distinction between them. All the forms are simple, short, 
and almost hemispherical ; all have four cycles of septa and the same propor- 
tion of pali. These are the primary and most essential peculiarities of the 
genus. 

The costse differ in their size, prominence, ornamentation, and relation to 
the septa in some of the forms ; and the exsert nature of the septa, their 
gTanulation, and the size of the corallum also differ. The structural differ- 
ences are seen in many examples, and are therefore more or less persistent ; 
nevertheless it is found that whilst several specimens have the septa spring- 
ing from intercostal spaces instead of from the ends of the costse, one or more, 
having all the other common structural peculiarities, present septa arising 
from the costal ends. This method of origin can hardly constitute a specific 
distinction. I propose to retain Trochocyathus Harveyanus as the type of 
a series of forms, the sum of whose variations in structure constitutes the 
species. 

Variety 1. The corallum is nearly double the size of the type ; its septa 
are rather exsert, and are very granular. The costae are very prominent, 
ridged, marked with numerous small pits, and are continuous with the septa. 
The epitheca is waved and well developed. The spaces between the larger 
costae are more or loss angular. The peduncle is large. 

Locality, Gault, Folkestone, In the British Museum. 

Variety 2. The corallum is as large as that of variety 1, but it is more 
conical. The costae are less pronounced, and the septa, which are more 
granular than those of variety 1, arise from the intercostal spaces. The 
costal ends are very elegant in shape, and form a margin of rather sharp 
curves. 

Locality, Gault, Folkestone. In the British Museum. 

Variety 3. The corallum is rather flat, but hemispherical. The septa are 
not exsert, and they arise from the costal ends. The costse are equal ; none 
are more prominent than others. They are all rather broad, flat, and beau- 
tifully ornamented with diverging curved lines. Their free ends are equal 
and curved. 

Locality, Gault, Folkestone. In the collection of the Bov. T. Wiltshire, 
F.G.S. 
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Variety 4. The corallum and costae are like variety 3, but the septa arise 
from the intercostal spaces. • 

Locality, Grault, Folkestone. 

In the collection of the Eev. T. Wiltshire, F.G.S. 


Variety 5. The corallum is rather more conical inferiorly than in varieties 
3 and 4. The septa are exsert, and project slightly beyond the costal margin. 
The costm are all rudimentary. The epitheca is well developed, and reaches 
up to the septa. 

Locality, Gault, Folkestone. 

The forms may be distinguished as follows : — 


With more or less ridged costae 


With nearly equal flat costse 


[ The type. 
Yaricty 1. 
„ 2 . 
Yariety 3. 
„ 4. 


Costse rudimentary „ 5. 

r The type. 

Septa arising from the costal ends Yariety 1. 

i. 

Septa arising from the intercostal spaces | 

All the forms have four cycles of septa and pali before the first, second, 
and third orders. 


2. Trocliocyatlms Wiltsliiri, Duncan. 

The corallum is straight, conical, and either cylindrical above or com- 
pressed ; its base presents the trace of a peduncle for attachment. The 
epitheca is scanty and in transverse masses. The costse are distinct and sub- 
equal. The calice is very open and rather deep. The septa are unequal, 
hardly exsert, and broad at the margin of the calice. There are foiu* cycles 
of septa, and six systems. The pali are large, and are placed before all the 
cycles except the last. The columella is rudimentary. 

Height inch. Breadth of calice inch. 

Locality, Gault, Folkestone. In the zone of Ammonites dentatus. 

In the Eoyal School of Mines, and in the collection of the Eev.T. Wiltshire, 
F.G.S. 

This species is closely allied to Troehocyathus conidus, Phillips, sp. The 
compressed calice, the rudimentary columella, and tho shape of the corallum 
distinguish the new species from Troehocyathus comdus. 


Genus Lettocyatiexts. 

Leptocyathus gracilis, Duncan. 

The corallum is small, flat, and circular in outline. The costm arc very 
prominent, and join exsert septa; the primary and secondary costm arc very 
distinct, and the others less so. AH the costae unite centrally at tho base ; 
many are slightly curved. The septa arc thick externally, very unequal, thin 
internally, and the largest are more exsert than the others. There are six 
systems and four cycles of septa. The pali are small and exist before all the 
septa. The columella is very rudimentary. The calicular fossa is rather 
wide and shallow. 

Height hardly inch. Breadth inch. 

Locality, Gault, Folkestone. 

In the British Museum. 
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This species is very closely allied to Leptocyathus elegam^ Ed. & H., of the 
London Clay. Leptooyathus elegans has not a fiat base, and it has very gra- 
nular septa. Moreover, its costae are large and small in sets. Nevertheless 
the alliance is of the closest kind. 

Genus Bathyctathxjs. 

MM. Milne-Edwards and Jules Haime described a species of this genus in 
their ‘ Monograph of the British Possil Corals,’ pt. 1. pp. 67, 68. Two spe- 
cimens^ in the collection of the Eev. T. Wiltshire present all the appearances 
recognized by those distinguished authors. The costae are very granular, and 
not in a simple row. In one specimen the breadth of the base is very great. 

Subfamily TirEBiNOitNiE. 

Division TURBINOLIACEiE. 

Genus Smiloteochtts. 

Some species of this genus were described amongst the corals from the 
Upper Greensand, and one was noticed as belonging to this geological 
horizon which should have been included in the Lower Greensand forms. 

The Upper Greensand Smilotrocki are : — 

Smilotrochus tuberosus, Ed, ^ H. Smilotrochus angulatus, Duncan, 

elongatus, Duncan, 

There are four species of the genus found in the Gault, which are all 
closely allied ; one of them cannot be distinguished from ehn^ 

gatus of the Upper Greensand. 

The specimens of this species found in the Upper Greensand are invariably 
worn and rolled, and are generally in the form of casts ; but in the Gault the 
structural details are well preserved, and even the lateral spines on the septa 
are distinct. 

The Gault forms are shorter and more cylindro- conical and curved than 
those from the Upper Greensand. 

The species of the genus JSmilotrocJms from the Gault are as follows : — 

1. Smilotrochus elongatus, Duncan, 3. Smilotrochus graniilatus, Duncan. 

2. cylindrieus, Duncan, 4. insignis, Duncan, 

1. SmiJotroclms elongatus, Duncan. 

This species was described in the first Eeport. 

Locality, Eolkestone. 

In the collection of the Eoyal School of Mines. 

The lateral spines of the septa arc very well marked, and the costm are 
equal in size in this species. Its septal number varies, on account of the very 
late perfection of the fourth cycle of septa. 

2. Smilotrochus cylindrieus, Duncan. 

The corallum is small, cylindrical, nearly straight, and has a truncated 
base. The costse are equal, very distinct above, and rudimentary below and 
in tbe middle ; they are marked with a few large granules in one series. 
The septa are suhequal, very exsert, thin, close, and marked with large 
granules, few in number. The septa are in sis systems, and there are three 
cycles. 

Height inch. Greatest breadth rather less than inch. 

Locality, Gault, Eolkestone. 

In the collection of the Eev. T. Wiltshire, F.G.S. 
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3. Bmilotrochus granulatus, Duncan. 

The coralliim "is conico-cylindrical in. shape, and has a more or less trun- 
cated base. The costse are subequal, prominent, very granular, and distinct 
superiorly. The septa arc subequal, thick, and very granular. The septa 
are in six systems, and there are three cycles. 

Height inch. Breadth inch. 

Locality, Gault, FoUiestone. 

In the collection of the Hev. T. Wiltshire, F.G.S. 

4. Smilotrochus insignis, Duncan. 

The corallum is trochoid, short, has a wide calice and a conical and 
rounded base ; the calice is circular in outline, the fossa is deep and small, 
and the septa are wide, exsert, curved above, and so marked with one row of 
granides that their free margin appears to be spined. There are three cycles 
of septa, and the orders are nearly equal as regards size. The coste are 
large, prominent, broad at their base, and are marked with one row of 
granules on the free surface. 

Height inch. Breadth of calice ^ inch. 

Locality, Gault, Folkestone. 

In the collection of the Eev. T. Wiltshire, F.G.S, 

An analysis of the genus will be found after the description of the species 
from the Lower Greensand. 

There is a compound or aggregate Madreporarian found in the Gault of 
Folkestone. It has much endo theca, and resembles worn specimens of the 
well-known Eolocystis elegans of the Lower Greensand. The specimens arc 
not sufdciently well preserved for identification with any genus. 


Family FUNGIDiE. 

Subfamily FungesTuE. 

Genus Micrabacia. 

Micrahada Mttoni, Duncan, 

The corallum is nearly hemispherical in shape ; its base is flat and ex- 
tends beyond the origin of the septa in a sharp and uninverted margin. The 
breadth of the base exceeds the height of the corallum. The costse are flat, 
straight, convex externally at the calicular margin, and equal. The scipta are 
unequal, much smaller than the costae. There are four cycles of septa, in six 
systems ; the synaptieulce between the septa are large. 

Height in. Breadth nearly | inch. 

Locality. Gault, Folkestone. 

In the collection of the Eev. T. Wiltshire, F.G.S. 

The flat base, the flat costae, and the limitation of the septal mimbor to 
four cycles distinguish this species from Micrahada coronula ^ of the Upper 
Greensand, and from Micrahada Beaumoniii'fj Ed. & H., of the Neocomian. 


List of new Sjgedes from the Gault, 


Tariety of Caryophyllia Bowerbanld, Ed, 

^ E, 

Five varieties of Trochocyathus Harveyanus, 
Ed, ^ E, 

TrocboeyathusWiltshiii, Duncan, 
Leptocyathus gracilis, Duncan, 


Smilotrochus elongatufl, Duncan. 

granulatus, Duncan. 

insignis, Duncan. 

oylindricus, Duncan. 

Micrabacia Fittoni, Duncan. 


* Hist. Nat. des Ooral. vol. iii. p. 30. 


t Ibid, p. 30. 



ON THE BRITISH FOSSIL CORALS. 


155 


List of sj^eoies from the Gault 

1. CaryopliylliaBowerbanki, Ed. H., and 7. Cyclocyafclius Tittoni, Ed. K 

one variety. 8. Smilotrochus elongatus, t. 

2. Trochocyathus conulus, JPhiUips, sp. 9. granulatus, Duncan. 

3 . Wiltshiri, Duncan. 10. — — . cylindricus, Duncan. 

4. Harveyanus, Ed.^^'H., and five 11. insignia, Duncan. 

varieties. 12. Trochosmilia sulcata, Ed. K 

5. Batliycyathus Sowerbyi, Ed. 13. Micrabacia Fittoni, Dv/ncan. 

6. Leptocyathus gracilis, Duncan. 

Corals from the Lower Greensand. 

One species of Coral was described by MM. Miliie-Edwards and Jules 
Haime from tbo Lower Greensand, in their ' Monograph of the British Fossil 
Corals.’ 

Fitton had noticed a compound coral in the Lower Greensand, and named 
it Astrcea in his Essay on the Strata below the Chalk,” Geol. Trans. 
2nd series, vol. iv. p. 352 (1843). In 1847 he called the species Astrcea 
elegans; and Lonsdale separated it from the Astreeidoe under the name 
Cyathophora elegans in 1849 (Proceed. Geol. Soc. vol. v. pt. 1, p. 83, 
tab. iv. figs. 12, 15 ; 1849). 

MM. Milne-Edwards and Jules Haime recognized the quadrate arrange- 
ment of the septa of this species, and classified it amongst the Bugosa, in 
the family Stauridee. Their Holocystis elegans, Fitton, sp., is a very good 
species, and specimens are found varying in the size of the corallum and of 
the calicos. 

Since the publication of their ^ Monograph on the British Corals,’ MM. 
Milne-Edwards and Jules Haime have named a species from Farringdon 
Smihtroehus Austeni (Hist. Nat. des Corail. vol. ii. p. 71). I have noticed it 
inadvertently in my description of the Upper Greensand Corals. In order to 
complete this part it is introduced here again. 

Family TUEBINOLIDiE. 

Division TTjRBiNOLiACE.aE. 

Genus Smilotrochtjs. 

Smihtroehus Austeni, Ed. & H. 

The corallum is regularly cuneiform, very much compressed below, and 
slightly elongate. The calice is elliptical ; the summit of the larger axis is 
rounded. Forty-eight costse, subequal, straight, fine and granular. 

Height of the corallum about -k inch. 

Locality. Farringdon. 

MM. Milne-Edwards and Jules Haime do not mention where the speci- 
men is deposited. 

The genus Smihtroehus has become of some importance in the palseonto- 

* The following authors have written upon the fossil Corals of the Gault : — Milne- 
Edwards and Jules Haime, ‘ Monograph of the British Fossil Corals' (Pal. Soc); ‘ Hist. 
Nat. des Coralliaires.’ Phillips, * Illust. of Geol. of Yorkshire.' Mantell, ‘ Geol. of Sussex.’ 
Lonsdale in Fleming’s, ‘ British Animals.' 

The authors who have written upon the Corals of the Lower Greensand are : — MM, 
Milne-Edwards and Jules Haime, op. cit Fitton, ‘ Quart. Journ. Geol. Soc.' vol. iii. 
p. 296 (1847). Lonsdale, ‘ Proo. Geol. Soc.' vol. v. pt. 1. p. 83. M. de Fromentel has paid 
especial attention to the French Neocomian corals, and 0. J. Meyer, Esq., has enabled mo 
to study the most interesting species in his collection, 
t Common to the Gault and Upper Greensand. 
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logy of the Cretaceous rocks. The species are distributed as follows in 
Great Britain : — 

Smilotrochns tuherosns, Ed. ^ H. ] 

elongatus, Duncan. 

angulatns, Duncan. 

elongatns, Duvwan. 

granulatus, Duncan. 

insignis, Duncan. 

cylindricns, Duncan. ^ 

Ansteni, Ed. Lower Greensand. 

Smllotrochus elongatus, Duncan, is found in the Gault and Upper Green- 
sand. 

Smilotrochns Hagenowl, Ed. & H., is a fossil from the Macstricht Chalk 
(Ed. & H. Hist. Hat. des Corall. yol. ii. p. 71). 

Subfamily Caeyophyllim. 

Division CARTOPHYLLIACEiE. 

Genus BRACHYCYATnxrs. 

Brachjcycithus Orbignynnus, Ed. & H. 

The corallum is very short. The costse are indistinct. The septa are 
long, very slightly exsert, granulated from below upwards, and there are 
four cycles in six systems. The primary and secondary septa are equal ; 
the tertiary are a little longer than those of the fourth cycle ; all arc 
thin and straight. The pali are like continuations of the tertiary septa 
before which they are placed ; they are granular. 

Height ^ inch. Breadth inch. 

Locality. East Shalford, Surrey, base of the Lower Greensand. Found 
with Cerithium Neocomieyise, D’Orbig. ; Exogyra suhjMcata, Tqm. ; Area 
Baulina, Leym. ; Terehratula sella, Sow. 

In the collection of C. J. Meyer, Esq., E.G.S. 

The specimen upon which the genus was founded was found in the Heo- 
comian formation of the Hantes Alpcs, at St. Julien, Boauchene. I have 
added to the original description, as some portions of the English specimen 
are better preserved than the type. 

Family ASTEJEID Ji]. 

Subfamily ExrsMiLiEiR. 

Division Troceosmiliace^e. 

Genns Troohosmiwa. 

Trocliosmilia Meyen, Duncan* 

The corallum is small, cylindrical or cylindro-oonioal ; its base may be 
wide or very small, and was adherent. The epitheca is complete. The 
costse are very small, and are occasionally soon whore the epitheca is worn. 
The calice is rather deep. The septa are crowded, unequal, spined near the 
axis, and form six systems. There are four cycles of septa* The calice is 
usually circular in outline, hut it is occasionally compressed. The axial 
space is small. The endotheca is very scanty. 

Height inch. Greatest breadth inch. 

Variety. The corallum is short, broad, cylindrical, slightly constricted 
centrally, and has a broad base. 

Height inch. Breadth inch. 


Upper Greensand, 
i Gault. 
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Locality, Bargate Stone, upper division of the Lower Grreensand, Guild- 
ford, Surrey. Pound with Aviciila •pectimtaj'’ Sow. 

In the collection of C. J. Meyer, Esq,, P.G.S. 

The small TrochosmiUce are common in the Bargate Stone, where they 
were discovered by Mr. Meyer, from whom I have obtained the names of 
the associated fossils. The presence of epithoea would apparently necessi- 
tate these fossils being placed in a new genus ; but after a careful examina- 
tion of the bearings of the absence or presence of the epithecal structures 
upon the natural classification of simple corals, I do not think the point 
sufficiently important to bring about the separation of Mr. Meyer’s little 
corals from the TrochosmiUce; they form (i. e, the type and variety) a 
subgenus of the TrochosmiUce, 

Subfamily Astb^in-js. 

Division Astrjeace^. 

Genus Isastb^a. 

Isastrcea Morrisi^ Duncan. 

The corallum is flat and very short. The coraUites are unequal and 
usually five-sided. There is no columella. The wall is thin. The septa 
are slender, unequal, and most of them reach far inwards. There are in 
the perfect calices three cycles of septa in six systems; usually some of 
the septa of the third cycle are wanting. 

Breadth of a ealice rather more than inch. 

Locality. Bargate Stone, Guildford, Surrey; with Terehratelh Fittoni, 
Meyer. 

In the collection of C. J. Meyer, Esq., P.G.S. 

This small Isastrcea is usually found as a cast, and the restored drawing 
is taken from an impression. The central circular structure is due to fos- 
silization. 

The species is closely allied to Isastrcea Gnettardana, Ed. & II., of the 
Lower Chalk of Uchaux. 

Pamily PUKGIDiE. 

Subfamily LopHOSEBiNiE. 

Genus Turbinoseris, gen. nov. 

The corallum is simple, more or less turbinate or constricted midway 
between the base and calice; the base is either broad and adherent, or 
small and free. 

There is no epitheca, and the costae are distinct. There is no columella, 
and the septa unite laterally, and are very numerous. 

Turhmoseris de~Fromentel% Duncan. 

The corallum is tall, and more or less cylindro-turbinate. The ealice is 
shallow, and circular in outline. The septa are very numerous, long, thin, 
straight, and many unite laterally with longer ones. There are 120 septa, and 
the cyclical arrangement is coiAsed. The synapticulse are well developed. 
There is no columdla, and the longest septa reach across the axial space. The 
costse are well developed, and often are not continuous with the septal ends. 

Height 1 inch. Breadth of calice inch. 

Variety, With a constricted wall and large base. 

Locality, Atherfield, in the Lower Greensand. 

In the collection of the Eoyal School of Mines. 

The necessity for forming a new genus for this species is obvious ; it is 
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the neighbour of Trochoseris in the subfamily of the Loplioserince, This last 
genus has a columella, and the new one has none. 

The species has not been hitherto described, but it has been familiarly 
known as a Montlwdtia ; but the synapticulse between the septa and costm 
determine the form to belong to the FuMjidce, 


List of view Species from tJie Lower Greensand, 

1. Bracbycyathus Orbignyanus, ^ jy. 3. Isastrtea Morrisi, Dzmm?. ^ 

3. Trochosmilia Meyeri, Limcan, 4. Turbinoseris de-Fromenteli, Duncan, 

List of the Species from the Lower Greensand, 

1. Bracliycyathus Orbi^yanus, Ed. SfJL. 4. Isastraea Morrisi, Duncan. 

2. Smilotroehus Austeni, Ed. 5. Turbinoseris de-I^Vomenteli, Duncan, 

3. Trochosmilia Keyeri, Duncan. 6. Holocystis elegans, Lonsdale^ sp. 


List of the Species from the Gretaceous Formations, 
L, Upper and Lower White Chalk, 


1. Oaryophyllia cylmdracea, Beuss, sp. 

2. Lousdalei, Duncan. 

3. Tenuanti, Duncan, 

4. Onchotrochus serpentinus, Duncan. 

5. Trochosmilia laxa, Ed.^H,, sp., and 

three varieties. 

6. eornucopife, Duncan, 

7. Wiltshiri, Duncan. 

8. Woodwardi, Duncan, 

9. granulata, Duncan. 

10. cylindracea, Duncan, 

B. Upper 

20. Onchotrochus Carteri, Duncan. 

21. Smilotrochus tuberosus, Ed. 4' 

22. elongatus, Duncan. 

23. angulatus, Duncan. 

24. Peplosmilia Austeni, Ed, ^ H, 

25 * depressa, E. de From. 

26.*Placosmilia cuneiformis, Ed, # II. 

27 * — ^ Parkinsoni, Ed, ^ H. 


11. Parasmilia centralis, Mantell^ sp., and 

two varieties. 

12. cylindriea, Ed. ^ U. 

13 . Fittoni, Ed. SfH, 

14. serpentina, Ed. ^ R, 

15. monilis, Duncan. 

16. granulata, Duncan, 

17. Biblasus Gravensis, Lonsdale, 

18. Synlielia Sharpeana, Ed. H. 

19. Stephanophyllia Bowerbanki, Ed. R, 

Greensand. 

28. *Piacosmilia magnifica, Dmican. 

29. *Astrocoeuia decapbylla, Ed. ^ II. 

30. *Isastriea Haldonensis, Duncan, 

31. Cyatliophora monticularia, D' Orhigny, 

32. Pavia stricta, Ed. Sf R. 

33. minutissima, Duncan. 

34. Thamnastraja superposita, Micliclin. 

35. Micrabacia coronula, Goldfuss, sp. 


0. Bed Chalk of Riinstanton, 

36. Cyclolites polymorpha, Goldfziss, sp. 39. Micrabacia coronula, Goldfuss^ sp., and 

37. Podoseris mamrailiformis, Duncan, variety. 

38. elongata, Duncan. 

D, Gawlt, 


40. Oaryophyllia Bowerbanki, Ed. R., 46. Cyolocyathus Fittoni, Ed. ^ R, 

and a variety. 47. Smilotrochus elongatus, Duncan. 

41. Trochocyathus conulus, Phillips, sp. 48. granulatus, Duncan. , 

42. Wiltshiri, Du7ican. 49. insignis, Dmican, 

43 . Harveyanus, Ed. 8f R, and five 60. cylindricus, Duncan, 

varieties. 51. Trochosmilia sulcata, Ed. 

44. Bathycyathus Sowerbyi, Ed. 8f R, 52. Micrabacia Fittoni, Duncan, 

45. Beptocyathus gracilis, Duncan, 

E. Lower Qreemand, 


63. Brachycyathus Orbignyanus, Ed. ^ R. 66. Isastriea Morrisi, Duncan. 

54. Smilotrochus Austeni, Ed.^R. 57. Turbinoseris de-Fromenteli, Duncan, 

55. Trochosmilia Meyeri, Duncan. 58. Holocystis elegans, Lo^isdale, sp. 

Micrabacia coronula is common to the XFpper Greensand and the Eed 
Chalk, and Smilotrochus elongatus is found in the Gault and in the Upper 
Greensand. 


The six species from Haldon marked * were described by me after the reading of this 
Beport (see Pal. Soc. vol. for 1869)* 
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The number of species of Madreporaria in the British Cretaceous forma- 
tions is therefore fifty-eight. 

MM. Milne-Edwards and Jules Haime had described twenty-three species 
before this Eeport was commenced ; of these I have ventured to suppress 
Parasmilia MantelU, Trochocyatlms Konigi, and Trochocyatlius Warh'n^y'tom, 

The coral-fauna of the British area was by no means well developed or 
rich in genera during the long period during which the Cretaceous sediments 
were being deposited. The coral tracts of the early part of the period were 
on the areas now occupied by the Alpine Keocomian strata, and those of the 
middle portion of the period were where the Lower Chalk is developed at 
Gosau, IJchaiix, and Martigues. 

There are no traces of any coral-reefs or atolls in the British Cretaceous 
area, and its corals were of a kind whose representatives for the most part 
live a depth of from 30 to 600 fathoms. 

Corals, from the Oolitic Strata, 

The following authors have contributed to our knowledge of the Oolitic 
Corals ; — Parkinson, ‘ Organic Eemains,’ 1808. W. Conybeareand W. Phil- 
lips, * Outlines of the Geol. of Eng. and Wales,’ 1822. Eleming, ^British 
Animals,’ 1828. E. Bennet, ‘Cat. Org. Eemains, Wilts,’ 1837. Eitton, 
“ Strata below the Chalk,” Geol. Trans. 2nd series, 1843. Morris, ‘ Cat. of 
British Eossils,’ 1843. MM. Milne-Edwards and Jules Haime, ‘ Monog.’ (Pal. 
Soc.) 1851. M‘Coy, Ann. Nat. Hist. 1848 (several essays). W. Smith, ‘ Strata 
Identified,’ 1816. J. Phillips, ‘ Geol. of Yorkshire,’ 1829. E. C. Taylor, 
Mag. Nat, Hist. 1830. S. Woodward, ‘ Synopt. Table of Org. Eem.’ 1830. 
G. Young, ‘ Geol. Survey of York,’ 1828. E. Plot, ‘ Nat. Hist. Oxfordshire,^ 
1676. J. Walcott, ‘ Descr. and Eig. of Petref. found near Bath,’ 1779. T. 
Wright, M.D., E.G.S., Cotteswold Club Trans. 1866. 

iLu analysis of the work of these authors, with the exception of that of 3)r. 
Wright, is found scattered over the pages of MM. Milne-Edwards and Jules 
Haime’s “ Monograph of the Oolitic Corals,” Pal. Soc. 1851. No new species 
of fossil Corals have been described from the Oolitic rock since that date. 
During the last year I have added to the species already known five from the 
Great Oolite, and thirteen from the Inferior Oolite. A careful study of the 
251 Tlmosmilice of the Inferior Oolite at Crickley has enabled me to distin- 
guish five very remarkable varieties of Thecosmilia gregaria^ M‘Coy, sp., and 
to satisfy myself that the relations of the Thecosmilim of the Lias to the 
genera Isastrcea^ Laiimaandra, and others were repeated in the Inferior 
Oolite. There are specimens of Thecosmilia gregana in Dr. Wright’s collec- 
tion which, had I not had a considerable series to examine from other 
sources, might have been associated with Eeuss’s new genus Eeterogyra^ with 
Symphyllia ani Latimceandra. The relation of these genera to Montlivaltia 
has been noticed (except Heterogyra) in the first Eeport (Brit. Assoc. Eeport, 
Norwich, p. 106 et sep), and there is a clear proof that the same phenomena 
of evolution may occur consecutively. That is to say, the St.-Cassian Montli'- 
valticB and Thecosmilim varied and became permanent, compound, and serial 
corals of such genera as Elysastrcea, Isastrma^ and Latimceandra : then the 
Liassic Thecosmilice did the same ; and now it is evident that a Montlivaltia 
of the Inferior Oolite occasionally took on fissiparous growth, and superadded to 
others a marginal gemmation and a serial growth, and evolved forms which 
cannot be distinguished from those of the genera above mentioned and %m- 
phyllia and Heterogyra. There was evidently an inherent power of variation 
which declared itself in the same direction during the ages which witnessed 
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the formation of the St. Cassian and the Liassic and the LoAver Oolitic deposits ; 
and it is impossible to deny a genetic value to these oft-rcpcatcd structural 
phenomena. 

One of the Thecosmilice from the Inferior Oolite at Cricldcj, which I have 
named T. WrigM^ is very closely allied to the Lowcr-Liassic species. 

It is interesting to find the genus Cgclolites represonted in the Inferior 
Oolite by two well-marked species, one of which is like the rest of the forms 
of the genus in shape, and the other is exceptional in its trochoid form. This 
last species has, however, all the charactcrivstics of the genus. The OycMUes 
are extinct; they fiourished in the Lower Cretaceous seas, and lasted during 
the Miocene. MM. Milne-Ed wards and Jules Haime (Hist. Hat. des Corail.) 
mention that the genus originated in the Jurassic age, but they give no evi- 
dence. The species now under consideration are, however, clearly from the 
Inferior Oolite. 

A form belonging to a new genus of the Fangidce was found by Mr. 
Mansel at East Coker in the Inferior Oolite,. In general shape and the 
arrangement of the calices the specimen resembles I)morp1iastma ; but the 
synapticulse between the septa and costae necessitate its association with the 
Fungkloe, There is a central calice, and the others arc in a circle around it, 
being separated by long horizontal septo-costal prolongations ; the whole 
is surrounded by an epitheca, and forms a turbinate shape, the free surface 
being flat and circular. The genus foreshadows the genera GgatJwsem and 
Trochoseris of the Lower Chalk. 

There are several new species of the genus Thamnasfma ; T, Browni, nobis 
(MS. sp.), is remarkable for having in some specimens a long stalk surmounted 
by a knoh-shaped head. The calices are small on the stalk, and very large 
on the head ; so that when the form is examined before it is mature, there is 
a danger of producing two species instead of one. The stalk often attains the 
height of 3 or 4 inches. In other specimens there is no stalk, and the knob- 
shaped coraUum is sessile. 

A large specimen of Tlmmnastrcea Mameli (MS. sp.), Inferior Oolite, is 
pedunculate, short, and very expanded superiorly ; the epitheca is well pre- 
served, and the endothecal dissepiments can be seen. This is a very satisfac- 
tory species, and I have had it very carefully drawn, so that the suspiciously 
synaptieular endotheca can he proved to he really dissepimental. 

A specimen of Qladophjllia Bulmmi, d’Orb., sp., figured in the inedited 
plates of the Palmontographical Society at my instance, is remarkable from the 
disposition of the corallites to combine and form serial and fissiparous calicos 
as in Thecosmilia, 

The new species of the genera Oyatliojgliora and hmtm.a are well marked, 
and that of the last is a dendroid form. 

MM. Milne-Edwards and Jules Haime collected and described the following 
Oolitic species* in their ^Monograph’ (Pal. Soc.), 1851 : — 


Bortland Stone, * 

1. Isastrsea oblonga, Fleming^ sp, 

Owal Bag. 

1. Stylinatubulifera, BhiUips, sp. 

2. De la Beehi, Ed. # H. 

3. HontliTalda dispar, BhiUips, sp. 

4. Thecosmilia annularis, Fleming, sp, 

5. Bhabdophyilia Edwardsi, M^Vog, sp. 


6. Cala-mophylla Stolcesi, Ed. ^ 

7. Cladophyilia ccospitosa, Con.^BML, sp. 
. 8. Goniocora socialis, Burner, sp. 

9. Isastrasa explanata, Boldfim, sp. * 

10. Greenoughi, Ed. ^ FL, 

11. Thamnastrfea arachnoides, BarMm., sp. 

12. — conoinna, Goldfuss, sp. 

13. Comoseris irradians, Ed. H, 

14. Protoseris Waltoni, Ed. # & 


^ There are three species common to the Great Oolite and the Inferior Oolite, and one 
is common to the Coral Bag, the Great and the Inferior Oolite. The varieties of 
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Grmt Oolite, 

1. Stylina conifera, Ed, 

'2, solida. M^Coy, sp. 

3. Ploti, Ed. # E. 

4. Cyathophora Luciensis, cC Orh.j sp. 

5. Pratti, Ed. H. 

6. Convexastrsea Waltoni, Ed. H. 

7. Montlivaltia Smitbi, Ed. H. 

8. Waterbousei, Ed. E. 

9. Calamophyllia radiata, Lcmouroux^ sp. 

10. CladopbyUia Babeana, d Orb. ^ sp. 

11. Isastrsea Cony bean, EE. ^ E. 

12. limitata, Lamouroux, sp. 

13. explanulata, M^Coij, sp. 

14. serialis, Ed. ^ E. 

15. Clausastrsea Pratti, Ed. 4' E, 

16. TbamnastrsBa Lyelli, Ed. ^ H. 

17. mammosa, Ed. E. 

18. scita, Fd. E, 

19. Waltoni, Ed, ^ H. 

20. Anabacia orbulites, LamouroiiXi sp. 

21. Comoseris veritiiciilaris, EE Coy, sp. 

22. Microsolena regularis, Ed. E. 

23. excel sa, Ed. ^ E, 


Inferior Oolite, 

1. Discocyathus Eudesi, Michelin, sp. 

2. Trocbocyatbus MagneTiilianus, Micke- 

lin, sp. 

3. Axosmilia Wrighti, Ed. ^ E. 

4. Montlivaltia troclioides, Ed, ^ E. 

5. teniiilamellosa, Ed. §' E. 

6. Stutchburyi, Ed. ^ E. 

7. Wrighti, Ed. ^ H. 

8. cupiiliformis, Ed. ^ E. 

9. De la Bechi, Ed. ^ E. 

10. lens, Ed. E. 

11. depressa, Ed. E. 

12. Tbecosmilia gregaria, M‘Coy, sp. 

13. Latimseandra Flemingi, Ed. H, 

14. Davidsoni, Ed E. 

15. Isastea Eichardsoni, Ed. E. 

16. tenuistriata, FICoy, sp. 

17. Lonsdalei, Ed. E. 

18. Tbamnastrsea Defranciana, Mickelin, sp. 

19. Terquemi, Ed. E, 

20. Mettensis, Ed. E. 

21. fungiformis, Ed. 4" E. 

22. M‘Coyi, Ed. 4^ E 

23. Anabacia hemispberica, Ed. 4' H. 


Mr. Walton has forwarded me Zephrentis ? Waltoni, Ed. & H., from the 
Inferior Oolite at Dnndiy , which MMl Milne-Edwards and J tiles Haime felt 
inclined to think was a remanie fossil. There is no doubt about the specimen 
being a Zephrentis, and it is clear that it was derived from an older rock, just as 
the Carboniferous corals mixed up with the Lower-Lias corals were. 

I can add the following species to the list of Oolitic fossil corals, and most 
of them have been figured, but are not yet published (in 6 plates of the Pal. 
Soc.) : — 

New Species, 


Great Oolite. 

1 . Tbecosmilia obtusa, d' Orb. 

2. Cyatbophora insignis, oiohis. 

3. tuberosa, nobis, 

4. Tbamnastrsea Browni, nobis. 

5. Isastrasa gibbosa, nobis. 

Inferior Oolite. 

1. Montlivaltia Holli, nobis. 

2, Temniincki, nobis. 


3. Montlivaltia Morrisi, nobis. 

4. Tbecosmilia Wrigbti, 7tobis. 

5. Tbamnastrica Walcotti, nobis. 

6. Manseli, nobis. 

7. Etlieridgii, nobis. 

8. Isastrma Crickleyi, nobis. 

9. dendroiden, 72obis. 

10. Dimorpboseris Oolitica, nobis, 

11. Cyciolites Lyceti, nobis. 

12. Beanii, nobis. 


The fauna may be divided as follows ; — Species. 

Portland Stone 1 

Coral Eag 14 

Great Oolite 28 

Inferior Oolite. 35 

78 


The Oolitic corals, as a whole, indicate the geographical conditions incident 
to reefs and atolls, and do not represent those bathyinetrical states which the 
Tipper and Middle Liassic coralhferous strata appear to have illustrated. A 
deep-sea coral-fauna is not found amongst the relics of the Oolites, and the 


milia gregaria are not mentioned or considered as species, although they have a veiw fair 
claim. There are three varieties very Sympbyllian, and two veiy Heterogyran in their 
aspect. There is a well-marked variety of Montlwaltia trochoides at Painswick in the 
Inferior Oolite. 

1869. 


M 



162 


REPORT — 1869. 


forms peculiarizing tlie reefs are positively aggregated in an upper and lower 
mass at Cricldey on the Inferior Oolitic beds. 

Dr. Wright noticed some years since an Oolitic coral-reef near Driih 
Quarry, on the northern spur of Brown’s Hill, about two miles from Stroud. 
There is a corresponding reef on the opposite side of the valley, the whole of 
the intervening space having been excavated by denudation. The coral-bod 
consists of large masses of coralline limestone imbedded in a hne-grained 
cream-coloured mudstone. The corals are in a highly crystalline state, so that 
the genera and species are determined with difficulty. The bed is from 15 to 
20 feet in thickness, and forms one of the finest examples of fossil coral-reefs 
that Dr. Wright is acquainted with in the district. The bed may bo traced 
along the escarpment, in a north-westerly direction, for several miles, to 
Witcomb and Crickley on the west, and to near Cubberley and Cowley on 
the east, where it was worked several years ago. Judging from the thick- 
ness of the bed, and the abundance of corals it contains, it must have formed 
a barrier reef of considerable magnitude in the Jurassic sea. The following 
is a section showing the relative position of the Lower Coral-reef. 


JSecfio7i of the Lower Coral-reef, in the Inferior Oolite, at the Quarry, North 
Frith Wood, near Brownh Hill, Gloucestershire. 


Lithological Characters 
and Thickness. 


Cream-coloured Marl, with 
several inconstant layers 
of Mudstone, upper part 
passing into a loose, fri- 
, able Freestone, with large 
Tereiraiula fimbria. 

From 20 to 25 feet. 


Fine-grained Oolitic Lime- 
stone, very white, and 
emitting a metallic ring 
when struck with a 
hammer. 

40 to 50 feet. 


Cemr^brown feiTUginous 


Masses of Coralline Lime- 
stone, imbedded m a 
light-coloured Mudstone ; 
the Corals highly crystal- 
line, forming the chief 
part of 1 he bed. 

15 to 25 feet. 


Brown ferruginous Pisolitie 
rock. Pea-grit structure 
not much exposed. 


Beds. 


IJlTER FkEESTOKES. 


Oolite, Marl. 
Middle Ooral-bed. 


Freestones. 


Lower Ragstones. 


Lower Coral-reef. 


Pea-grit. 


Organic Eomains. 
Leading Fossils. 


Thaninastrcca, Imsfrmi, 
yto’ofiw/ Hui, Terehrat ala 
fimbria, T aarinaia, T. 
maxillata, likyn. Ifijcotii, 
Lueina Wrighti, Lima 
ponlonu. 


Shelly fragments, not 
detemiiiiable. 


Terebmfuia pJiaaUu 


Lutim m n dm, Ttiam nm- 

trm, Imsirtpa, Axomii- 
lia, Thpcomniha, Tecieti 
Lewulqum, THeUteB, Xtt- 
cma Wnghii. 


Lima mlcaia, ISxnniteB 
ahjeduB, Ceromya Bajoei’ 
aha, Amcala compUeata, 
B^erita co8fafa,Trochofoma 
mrinaia, jP^gasier, Hyho- 
clypiia, Liaiema. 


* Dr. Wright has kindly sent me these details. See On Coral-Reefs,” by T. Wright, 
M.I)., F.G-.S., Cotteswold Club. 
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The Middle Coral-bed is included in the Oolite Marl, and in some localities 
as at Prith, Leckhampton, Sheepscombe, and others, it contains masses of 
corals. 

The Upper Coral-reef occupies the horizon of the upper Trigonia Grit, and 
is very well exposed in many sections. That of Cleeve Hill has yielded the 
best corals. The following section is open near Prith. Ascending the bank 
above this quarry for a short distance some fields of arable land are passed 
over, on which are several heaps of the Upper Eagstones, with Trigonia cos-- 
tataj Gryjjhcea suhloha, and other shells of the higher zone. Walking in the 
direction of the Grove, after passing over the summit of the hill and descend- 
ing a short distance, a good section of the upper reef inav be seen in the 
Slad Valley. 


Section of the Quarry at Worgin^s Corner, U^'per Zone of Inferior Oolit^'^, 


Litliologj. 


Masses of Coralline Lime- 
stone, 4 feet tliick. 


Hard shelly Limestone, 
full of the shells of 
BraehiopoJa, 5 feet. 


Hard shelly sandy Oolite, 
full of Gri/^hcBa, 6 feet. 


Beds. 


Upper Cohal-reep. 


Terebratula-globata Bed. 


Gryphbsa Bed. 


Organic Remains. 


Tham msircea^ Isasircsay 
Thecosmtlia, MagnoHa 
Forbesi, Stomechinm in^ 
termednis^ Pecten, Tngo- 
nia costaia. 


Terehraiula yldbata, Wiyv 
chonellaspinosa^ Fholado- 
mya fidicula, F. Seraulti, 
Osiraay Qervilha^ Tri- 
ehiea. 


Gryphcca sublobti, Lima 
proboscidea. 


The remarkable varieties of Thecosmilia pw/ar/a, which resemble the genus 
Sympliyllia and lleterogyra, are found principally in the lower reef, but they 
exist in the upper also. Some species appear to be peculiar to the different reefs, 
but it is unsafe to form lists at present. There is evidently a considerable 
affinity between the faunas of the reefs, and there is nothing to indicate any- 
thing more than a temporary absence from, and a return of the species to an 
area. 

The corals of the Great Oolite are found in the Upper Eagstones underly- 
ing the Bradford Clay. Near Bath large masses of Oalamophyllia radiata are 
associated with the roots, stems, and heads of Jjjiocnnites rotundxis, Mill., 
which flourished like a miniature forest on the reef, and luxuriated amongst 
the polypes until the clear water was invaded by a current charged with mud, 
which destroyed the Encrinites and the Corals alsof. 

The Coral Eag in "Wiltshire is divisible into (1) Upper Calcareous Grit, (2) 
Coral Eag, (3) Clay, (4) Lower Calcareous Grit. It is in the Coral Eag 
Xmoper (2) that the CJoral-bcds are found. Of these Mr. Lonsdale J remarks : 

* See J)r. Wright’s pamphlet. t Dr. 'Wright, op, cit 

t “ Oolitic District of Bath,” Trans. Geol. Soc. 2nd ser. vol. lii. p. 2(>1. 

m2 
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^‘The irregular beds of Polyparia consist of nodules or masses of crys- 
tallized carbonate of lime, which afford, invariably, evidences of the labours 
of the Polypus ; and associated with them are others of earthy limestone, 
which bear only partial proofs of an organic origin. The whole are con- 
nected by a pale bluish or yellowish stiff clay. It happens frequently that 
a bed is composed of one genus of Polyparia.” 

In Yorkshire the Coralline Oolite is well developed, and several reefs arc 
found at Hackness, Ayton, Seamer, &;c. John Leckonby, Esq., F.O.S., of 
Scarborough, gives the following details (see Dr. Wright, op. cit .) : — 

In various parts of the district occupied hy the Coralline Oolite around 
Scarborough are found patches of coral-reef sometimes occupying an area 
of fully an acre ; and although never attaining an altitude so high as the 
beds on the inclined surfaces of which they rest, they are truly the uppermost 
beds of the formation. 

They are sometimes from 10 to 15 feet in thickness, and consist of a 
series of layers of crystallized coral from 18 to 24 inches in thickness, of the 
species Thamnastnea concinna, Goldf. (which is the P. miemsfon, Phillips), 
each layer being separated by rubhly clay and mnd, in all probability being 
the decomposition of each successive reef. The rock is quarried to supply 
material for repairing the roads of the district; hut it is by no means so well 
adapted for the purpose as the adjacent calcareous grit, which, at the cost of 
a little additional labour, would fuimish a material much more durable. The 
crystalline coral-reef is quickly ground to powder, and its use affords less 
satisfaction to the traveller than to the geologist, as the Hocks which ai'e 
stored up for use along the sides of the road jrield many a handsome specimen 
to adorn his collection. 

“ The largest deposit is near the village of Ayton ; there are others not 
quite so extensive; one near the village of Seamer, another close to the 
hamlet of Irton, and others in the neighbourhood of Wykeham and Promptoii 
—the intervening distances being about a mile in every case.” 

Messrs. Leckenby and Cullen visited the coral-reefs of the Coralline Oolite 
near Scarborough with Dr. Wright, who writes as follows : — 

“ One quarry, near Ayton, which may bo considered as a type of the others, 
consisted of masses of crystalline coralline limestone, the bods having an 
irregular undulating appearance. The corals appear to have grown in areas 
of depression of the coralline sea ; the rock consists of large masBCB of highly 
crystalline limestone, forming nodulated eminences and concave curves, in 
beds of from 12 to 18 inches in thickness, having a stratum of yellowish clay 
’ filling up the hollows, and forming a horizontal line again to the stratification ; 
then follows another stratum of crystalline limestone, which assumes the 
same nodulated condition as the one below it, the surface of the coral 
masses, where exposed, showing that the whole is almost entirely composed 
of a small-celled Astreea, Thamnustreea concinna^ Goldf., Mioraston, Phillips, 
in some altered condition ; the reef is exposed to about 10 feet in section, and 
rests on another, forming the floor of the quarry, and which descends many 
feet deeper ; the corals are bored by GastT’oekemai, and numerous shells were 
seen imbedded in the coral mass, which, had nestled in the crannies of the 
reef.” 

Dr. Wright sums tip with regard to the French, German, and British strata 
of the Stage Corallien as follows : — 

From this general view of the geographical distribution of the Coralline 
zone, it would appear that this formation was composed of a series of coral- 
reefs in the Jurassic sea, which, during the period of their construction, occu- 
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pied a large portion of the region now constituting the soil of modern 
Europe ; and that the bed of the Jurassic sea was a slowly subsiding area of 
great extent, like many parts of the Coral Sea in the Indo-Pacific Ocean of 
our day 

The restriction of species to very definite areas, and to limited zones amongst 
these succeeding coral-reefs, is very remarkable, and, as was noticed to occur 
in the Lias, the corals are occasionally persistent, and are associated with 
different molluscan species. But the physico-geological changes which pro- 
duced new reefs must have been preceded by considerable geographical changes, 
for, as a rule, the species of the grand dhisions of the Jurassic system are 
different. Thecosmilia IVnghti of the lower reef of the Inferior Oolite has 
considerable resemblance to the Thecosmilice of the Inferior Lias; but no 
Liassic species pass upwards into the Oolites. Only four species are com- 
mon to the Inferior and Great OoUtes, and one to the Coral Eag and Great 
Oolite; yet there was a succession of the physico-geographical conditions 
favourable for the formation of reefs on the same area. The existence of 
reefs in so high a latitude during the Oolitic period, and their formation by 
polypes whose genera were all extinct during the early Cainozoic period, but 
which are clearly represented by allied genera in the existing reefs, are very 
suggestive. These w^’ore the last reefs of the British area ; for there are no 
traces of agglomeration of reef-building genera in the Lower Greensand, the 
Gault, Upper Greensand, Chalk, or Tertiary formations. The nearest approach 
to a reef must have been in the Lower Oligoeene period, when the Tabulate 
corals and Bolenastraae of Brockenhurst formed a small outlier of the European 
coral sea of the time between the ITummulitic age and the lowest Palunian 
deposits. 

The succession of reefs and deep-sea or littoral coral conditions appears 
to have been as follows on the British area south of Yorkshire, after the 
termination of the Permian period : — 


Triassic 

Ehgetic 

® r Zone of Amm. planorbis . . 
H J „ angulatus . . 

i4 [ „ Bueklandi . 

Middle Lias 

Upper Lias 

Inferior Oolite 

Great Oolite 

Coral Eag 

Portland Oolite 

Lower Greensand 

Gault 

Eed Chalk 

Upper Greensand 

Lower and Upper Chalk ...... 

Eocene 

Lower Oligoeene 

Crag 

Recent 

* Pr. Wright, op, cit. 


ITo corals (dry land). 

Few corals. Littoral and deep water, from 
5 to 200 fathoms. 

Scattered reefs and littoral corals. 

Barrier reefs and deep-water corals. 
Scattered reefs and deep-water corals. 

No reefs. Littoral and deep-wmter corals. 
No reefs. Littoral and deep-water corals. 
Successive reefs. 

Successive reefs. 

Eeefs. 

Ecefs rare. No other corals. 

Littoral and deep-sea corals. No reefs. 
Littoral and deep-sea corals. No reefs. 
Littoral and deep-sea corals. No reefs. 
Littoral corals. No reefs f. 

Deep-sea corals. Pew littoral corals. 
Deep-sea corals. No reefs. Littoral corals. 
Deep-sea corals. Scattered reefs. Lit- 
toral corals. 

Deep-sea corals. No reefs. Littoral corals. 
Deep-sea corals. No reefs. Littoral corals. 

t Deep-sea and small reefs in the west. 
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The reefs were doubtless developed on areas whore depression and olova- 
tion of the sea-bottom was constant, and where old rocks were occasionally 
sufficiently near the surface to afford a nidus for reef-species. The depths 
around these rocks must have been considerable ; there could not have been 
any large bodies of fresh water near, and the sea- water must have boon 
pure and in constant motion. The litioi*al corals resembled the CanjopliijUia 
Smithi of our coasts in bathymetincal distribution, and the deep-sea corals, 
like the existing Cari/ophijlUa bovealis and LophoheUa prolifem, Avorc simple 
solitary forms distributed at a depth of from 30 to GOO or more fathoms. 

The British reefs of the early Secondary period were not necessarily 
situated in a tropical climate ; for there is no reason why reef-building corals 
should not have been, able to exist and multiply in the same temperature 
of sea-water that deep-sea corals now do. The deep-sea corals are abun- 
dant between Norway and the Shetlands, and are quite out of the range of 
the Gulf-stream. The Bermuda reefs are dependent upon the Gulf-stream 
for the supply of sufficiently warm -water to produce the development of 
ova. It may have happened that the early Secondary species may not have 
required a greater amount of sea-temperature than that in Avhich the groat 
coral called JDendrophjllia remea flourishes off Cadiz. These facts and 
considerations must have some weight against the argument that, because 
all existing reefs arc tropical, all former reefs must have been so. 

If the area of Europe is compared with that of Great Britain during the 
periods that have elapsed since the Palaeozoic epoch, the distribution of reefs 
and centres of oscillation, and of deejD-sea and littoral corals indicating very 
stationary conditions, gives a very good idea of the successive physico- 
geograpMes of the old seas. 


Trias 

Khaitic 

( Zone of Aram, planorbis 


a 


)> 


Middle Lias 


angulatiis 


Biioklandi 


Upper Lias 

Inferior Oolite 
Great Oolite ... 

Coral Eag 

Portland Oolite 
Keoeomian ...... 

Gault 

Cenomanian 

Lower Chalk .. 

Upper Chalk 
Eocene 


0 


Great Britain. 

Uncoralliferous 

Few deep-sea and littoral 
corals. 

Scattered reofs and deep- 
sea and littoral corals. 

Barrier reefs, deep-sea and 
littoral corals. 


Scattered reefs 

Deep water and littoral 
corals. 

Very imcoralliferous 

Successive reefs 

Successive reefs 

Few reefs 

Eeefs rare 

Littoral and • deep-sea 
corals. 

Littoral and deep-sea 

corals. 

Littoral corals 

Deep-sea corals 

Deep-sea corals 

Deep-sea corals and a few- 
littoral. 


Eest of Europe. 

Eeefs in St. Cassian dis- 
trict. 

Eeefs in Lombardy and Swit- 
zerland. 

Scattered reefs in France, 
Lombardy, a.iid Switzer- 
land. 

Eeols in Switzerland. Vast 
areas with simple dcop-sea 
and littoral corals in 
France, 

Rare doop-sea corals in Eu- 
rope. 

Earo deep-sea corals. 

Very imc^oralliforous. 

Eeefs in Western Europe. 

Eoefs in Western Europe. 

Few reefs. 

Eeefs rare. 

Eeefs in France, Switzerland, 
Germany. 

Littoral and deep-sea corals. 

Scattered reefs in Franco and 
Western Germany. 

Eeefs in France, Spain, Swit- 
zerland, Germany, 

Fewreefs and deep-sea corals. 

Reefs in the Lombardo-Swias, 
Pyrenean, and Austrian 
areas. 
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Lower Oligocene 


Crag. 


Eeccnt 


Great Britain. 
Scattered reefs 


Deep-sea corals and lit- 
toral corals. 

Deep-sea and littoral spe- 
cies. 


Rest of Europe. 

Reefsin the Vicentin; deep-.sea 
corals in Germany, and 
littoral species also. 

Deep-sea and littoral species 
in Sicily, south of Spain, 
Belgium. Reefs very rare. 

Deep-sea and littoral species 
in tlie Mediterranean and 
western seas of Europe. 


The Miocene reefs were in South France, Italy, Spain, and Germany,- 
where there were also deep-sea and littoral species. 

The seas of Europe and Great Britain during the period of the Middle 
and Upper Lias were most uncoralliferous, and also during the deposit of 
the Gault. On the other hand, there were reef and atoll seas duj'ing the 
deposition of the sediments of the zone of A. anguJatus and hisiilcatus of the 
Lower Lias, of the Inferior and Great Oolite, and of the Oligocene. 

The European area was more or less a centre of oscillation and of reef- 
formation during the Triasaic and the Lower-Liassic periods, during the Lower- 
OoHtic periods, and from the Neocomian to the end of the Miocene, inclu- 
sive of these periods. There was a great change in the depth of the seas 
and of the physico-geographical conditions after the formation of the deposits 
containing A, BuMandif and a second change produced the reefs of the 
Oolites. Again, the deposits of the Portland Oolite and the Gault were pre- 
ceded and followed by great bathymetrical changes. 

The changes on the British area were before the Lower lias and after it, 
after the Great Oolite and Coral Eag, and after the Eocene and before the 
Crag. Whilst the European area was coralliferous in the Trias, the British 
area was uncoralliferous; and whilst the Cretaceous reefs of Western Europe 
Nourished, the British area was characterized by deep-sea and littoral corals. 
The lines and curves which may be drawn to explain these variations in 
the two areas are as follows ^ : — 


Sea-level. Sea-level. 



a. Trias. d. Oolites. q. Cretaceous. h Miocene, 

b. Lower Lias. e. Reoeomian. «. Eocene. 1. Pliocene. 

c. Upper Lias. /. Gault. i. Oligocene. m. Recent. 


The reef-areas of the Upper Lias and Gault have yet to be discovered. 

^t is very remarkable that the Tabulate corals, which were so abundant 
in the Palmozoio Coral-fauna, and which constitute whole reefs at the pre- 
sent time, should not he represented in the British Secondary Coral-fauna. 
The first trace of them is found in the Eocene beds. The perforate corals, 
omitting the Fungidse, which are not included in them by MM, Milne-Edwards 
and Jules Haime, are unknown in the Secondary rocks of Great Britain, 

^ The upper diagram refers to the British area, and the lower to the European. The 
a commences at the upper part of the Trias. ^ 
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yet tliey form masses of existing reefs, and were abundant in tbo Oligocene. 
One of the class, L e. the Protama vetustay appeared in the Lower Silurian 
formation of Ohio; hut the class was not apparently represented on our 
area until the Eocene, if we except the MicrosolenaSy which are very ex- 
ceptional perforate forms of the Oolites. The absence of those forms must be 
accounted for by the deficiency of the geological record. 


Eiiumemtion of Ejpecies. Species. 

• cainoKoic. | oligocene' is 

^Eocene 38 

Chalk 19 

Lower J 

Upper Greensand 16 

Bed Chalk 4 

Gault 13 

T.f . Lower Greensand 6 

Mesozoic.^ 1 

Coral Bag 14 

Great Oolite 28 

Inferior Oolite 35 

Upper Lias 1 

Middle Lias 2 

Lower Lias 65 

259 

List of Tertiary and Secondary British Fossil Corals. 

Cray. 

Sphenotroohus intermedius, Mimster, sp. Cryptangia Woodii, Ed. 

Pkbellum Woodii, Ed. ^ H. Balanophyllia calyculus, Wood. 

Oligocene. 


Solenastriea cellulosa, Duncan. 

Eoeneri, D%mca7i. 

— Eeussi, Duncan. 

gemmans, Duncan. 

Beyrichi, Dunca^i. 

granulata, Duncan. 

Balanophyllia granulata, Dimcan. 


Lobopsammia cariosa, Goldficss, sp. 
Axopora Michelini, Dmican. 
Litharaea Brockenhursti, Dunca^i. 
Madrepora Anglica, Dimca^i. 

Eomeri, Dimcan^ 

Solanderi, Defrance, 

Eocene. 


Turbinolia sulcata, Lamarclc. 

— Dixoni, Ed. H. 

Bowerbanld, Ed, H. 

Predericiana, Ed 

— humilis, Ed. if. 

minor, Ed. 

firma, Ed. B. 

— - Prestwichi, Eld. ^ H. 

affinis, DuMcan. 

exarata, Duncan. 

Porbesi, Duncan. 

Leptocyatbus elegans, Ed. 

Troeboeyathus sinuosus, Drongniari, sp. 

Austeni, Duncan. 

insignia, Duncan. 

Paraoyatbus crassus, Ed. 

caryophyllus, Lamarchy sp. 

~ breyis, Lamarck, sp. 

— — Haimei, Duncan. 


Paraoyatbus cylindricus, Duncan. 

Dasmia Sowerbyi, Ed. H. 

Oculina conferta, Ed., B. 

incruatans, Duncan. 

Wetherelli, Duncmi. 

Diplobelia papillosa, Ed. 8f B. 

Stylocoenia emarciata, Lamafch, sp. 

monticularia, Schimgger, sp. 

Astrocoenia pulcbella, Ed. ^ B. 
Stepbanopbyllia discoides, Ed. ^ B. 
Balanophyllia desmopbyllum, Lonsdale, sp. 
Bendropbyllia elegans, Duncan. 

dendropbylloides, Lonsdale. 

Stereopsammia bumilis, Ed. ^B. 
Bendraceis Lonsdalei, Duncan. 

Porites panicea, Lonsdale, 

Litbarasa Websteri, Bow&rhank, »p, 
Axopora Porbesi, Duncan. 

— Parisiensis, Michelin. 
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Chalk. 


Caryopliyllia cylindracea, sp. 

Lonsdalei, Duncan. 

Tennanti, Duncan. 

Onchotrochus sei’pentinus, Duncan. 
TrochosmiUa laxa, sp. and va 

rieties 1 2, 3. 

cornucopia^ Duncan. 

Wiltsliiri, Duncan. 

Woodwardi, Duncan. 

granulata, Duncan. 

— ^ cylindracea, Duncan. 

Uppi 

Onchotrochus Carteri, Duncan. 
Sinilotrochus tuberosus, Ed. ^ B. 

elongatus, Duncan. 

anguiatus, Duncan. 

Cyathophora monticularia, D Orbigny. 
Favia stricta, Ed. ^H. 

minutissima, Duncan. 

Thamnastraja superposita, Michelin. 


Parasmilia centralis, Mantell, sp., varieties 

1 , 2 . 

cylindrica, Ed. 

Pittoni, Ed. H. 

• serpentina, Ed. ^ H. 

— monilis, Duncan. 

granuhita, Duncan. 

Diblasus Grayensis, Lonsdale. 

Synhelia Sharpeana, Ed. 6^ H. 
Stephanophyllia Bowerbanki, Ed. ^ H. 

Greensand. 

Micrabacia coronula, Goldfuss, sp. 
Peplosmiha Austeni, Ed. ^H. 

depressa, E. de From. 

Placosmilia cuneiformis, Ed. ^ H, 

Parkinsoni, Ed. ^ H. 

magnifica, Duncan. 

Asir'ocoenia decaphylia, Ed. ^ H. 

Isastrasa Haldonensis, Duncan. 


Bed Chalk of Hunstanton. 

Cyclolites polymorpha, Goldfuss, sp. Micrabacia coronula, Gold/tiss, sp., and ya- 

Podoseris inammiliformis, Duncan. riety. 

elongata, Duncan. 

Gault. 

Caryophyllia Bowerbanki, Ed. and a Cyclocyathus Fittoni, Ed. ^ H. 
variety. Smilotrochus elongatus, Duncan. 

Trochocyathus conulus, BhilUjps, sp. granulatus, Duncan. 

Wiltshiri, Duncan. insignia, Duncan. 

Harveyanus, Ed. 4" H., and 5 varieties. cylindrious, Duncan. 

Bathycyathus Sowerbyi, Ed. 4’ H. GProchosmilia sulcata, Ed. 4* H. 

Leptocyathus gracilis, Duncan. Micrabacia Fittoni, Duncan. 

Lower Greensand. 

Brachycyathus Orby^yanus, Ed. 4" H. Isastroea Morrisi, Dtincan. 

Smilotrochus Austeni, Ed. 4 H. Turbinoseris de-Fromenteli, Duncan. 

Trochosmilia Meyeri, Duncan. Holocystis elegans, Ed. 4" H. 

Dortland Oolite. 

Isastrjca oblonga, Flming, sp. 

Coral Bag. 

Stylina tubulifera, Phillips, sp. Goniocora socialis, Burner, sp. 

Be la Bechi, Ed, 8fH. Isastrsea esplanata, Goldfuss, sp. 

Montliyaltia dispars, Phillips, sp. Greenoughi, Ed. ^H. 

Thecosmilia annularis, Fleming, sp. Thamnastroea arachnoides, Parkinson, sp. 

Bhabdophyllia Edwardsi, M'Coy, sp. concinna, Goldfuss, sp. 

Calamophyllia Stokesi, Ed. ^H. Comoseris ixTadians, Ed. 4 H. 

Cladophyilia casspitosa, Oo7i. Sf PhU., sp. Protoseris Waltoni, Ed. 4' H, 

Great Oolite. 


Stylina conifera, Ed. 4' H. 

solida, M'Coy, sp. 

Ploti, Ed. 4H. 

Cyathophora Luciensis, di Orb., sp. 

Pratti, Ed. Sf H. 

insignis, Duncan. 

tuherosa, Duncan, 

Oonvexastea Waltoni, Ed.4'H. 
Montlivaltia Smithi, BH. 4 H. 

Waterhousei, Ed. 4 H. 

Thecosmilia obtusa, dl Orb. 
Calamophyllia radiata, Lamourotac, sp. 


Cladophyilia Babeana, d' Orb., sp. 
Isastrsea Conybeari, Ed. 4 H. 

limitata, Lamouroux, sp. 

explanata, M'Coy, sp. 

— serialis, Ed. 4 H. 

gibbosa, Duncan. 

Clausastreea Pratti, Ed. 4 H. 
Thamnastrsea Lyelli Ed.4H, 

— mammosa, Ed. 4 H 

scita, Ed. 4 H. 

Waltoni, Ed. 4 H, 

— — Browni, Duncayi, 
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Anabacia orbulites, Lamuroitx, sp. Microsolena regularis, Ed. if H, 

Comoseris vermiciilaris, M'Goy, sp. oxcolsa, Ed. //. 


hiferior Oolite, 


Discocyathus Euclesi, Mlchclin^ ap. 
Trochocyathus Magiievilliaiius, Michelhi^^^, 
Axosmilia Wriglili, Ed, tj'7/. 

Montlivaltia Iroclioides, Ed. //. 

tenuilamellosa, Ed. c|’ //. 

Stutcbburyi, Ed. 11. 

Wrighti, Ed. cj” li. 

cupuliformis, Ed. 4’* H, 

De la Bechi, Ed. ifK 

lens, Ed. H. 

depressa, Ed. ^ H. 

Holli, Dunccm. 

Painswicln, Duncan. 

Morrisi, Duncan. 

Thecosmiha gregaria, M^Coy, sp. 

Wrighti, Duncan. 

Latimoeaiiclra Fleming!, Ed. t} H. 

Davidsoni, Ed. tj' IE 


X.sjislra’a Richardsoni, Ed. f' II 

tcnuistriaia, M'Coy^ sp. 

LonsdaJoi, Ed. //. 

Crickleyi, Duncan. 

dondpoidoa, Duncan. 

Thamnaatniia IXefraiiciiana, Mkhdin^ 

Torquemi, Ed. if' II. 

Mettensis, Ed. f' II. 

- — liingilbrniis, Ed. ij’ H. 

M.'CoylEd. f'H. 

Walcott, i, Duncan. 

Manseli, Duncan. 

Etheridgi, Duncan. 

Anabacia hcnii.sjihorica, Ed. t-i'’ H. 
BimorphosoriH Oolii’oa, Duncan. 
Cyclolitea Lyceii, Duncan. 

Beani, Duncan. 


Tljyper Liaa. 

Tliecocyatlius Moorci, Ed. f II. 


Middle Lias. 

Lepidophyllia Hebridensis, Duncan. Montlivaltia Victoria^ Duncan. 


Lepidopliyllia Stricklandi, Duncan. 
Oppelismilia gemmans, Duncan. 
Montliyaltia Wallise, Demean. 

Murobisoniie, Duncan. 

Euperti, Duncan. 

parasitica, Duncan. 

simples, Duncan. 

• brevis, Duncan. 

pedimculata, Duncan. 

polymorpha, Terq. et Piefte. 

Hairaei, Ck et Dew. 

Hibeniica, Duncan. 

papillata, Du7ican. 

Guettardi, BhinvilU. 

nummiformis, Duncan. 

— radiata, Duncan^ 

patula, Duncan. 

rugosa, Wriyhl sp. 

mucronata, Duncan-. 

Tliecosmilia Suitoiiensis, Duncan. 

mirabilis, Duncan. 

serialis, Duncan. 

— irregularis, Duncan. 

— — Terquemi, Duncan. 

affinis, Duncan. 

—I — dentata, Duncan. 

plana, Duncan. 

Brodiei, Duncan. 

— ^ — Martini, E. de From. 

Micbelini, Terq. et Piette. 

Ehabdopbyllia rugosa, Lauhe. 

recondita,, Laube. 


Lower Lias. 

Astrocoenia Sineinurionsis, d' Orh, 

gibbosa, Dimcan. 

plana, Dimcan. 

insignis, Dimcan. 

reptans, Duncan, 

parasitica, Duncan. 

podunculata, Duncan. 

costal a, Dimcan. 

favoidea, Dimcan. 

supcrba, Duncan, 

dendroidea, Dimcan, 

minuta, Duncxin, 

Cyatbocoraia dendroidea, Duncan. 

incnislans, Duncan. 

coKtatu, Duncan. 

— globosa, Duncan, 

Elysastrcea Eisobwi, Ltinhc. 

•« — Moorei, Duncan. 

Septastraia excavaia, E, de From. 

de-Eroinenioli, Ter quern, 

• Everabami, Duncan. 

— ^ Haimei, WHyhl sp. 
Lalimteandra denticulata, Duncan. 
Isastrffia Sineinuriensis, E. de From, 

globosa, Dimcan. 

Murohisoni, Wright, 

Tomesii, Dmican, 

endotliecata, Dimcan. 

insignis, Duncan. 

Stricklandi, Duncan. 

latimseandroidea, Duncan. 
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Report of the Committee appointed to get cut and prepared Sectmis 
of Mountain-Limestone Corals for Photographing, The Committee 
consists 0/ Henry Woodward, F.G.S,) Dr. Duncan, F.R.S,, Pro- 
fessor Harkness, F,R,S.j and James Thomson, F,G.S, (Reporter). 

The operations of this Committee have been carried on indefatigably during 
the past year; the results arc very promising, but much additional work 
must be performed before any satisfactory conclusions can be arrived at. 

We have cut several hundred sections, but many of them have been so 
crushed and fractured, that they are absolutely useless for our purpose; 
thus in one lot of eighty-seven we found only two specimens sufficiently per- 
fect to be of any use ; this is to be regretted, as it is desirable to select as 
perfect specimens as possible for photographing, and also for the use of Dr. 
Duncan for describing in the Transactions of the Palaeontological Society. 

Those cut, and partly cut, consist of the following genera : — CynthophijTlum^ 
Cydophylhim, Glisiophyllum, and allied forms, Lonsclalia, Zephrentis, Am^ 
plercus, Michelmiai tSyringopora^ Litliostrotion and its varieties. 

The time and labour involved in superintending the cutting, examining, 
and finishing those which are sufficiently perfect, will explain the impossibi- 
lity of producing this year so complete a set as we could have wished. 
However, we have been sufficiently successful to warrant us in saying that 
with those made, and others in readiness to make, we will be able to produce 
in another year a very full set of plates. 

With the plates already finished we have been trying a number of experi- 
ments in photography ; finding that by the usual process the colour fades by 
exposure to light, we went to Ifewcastle and examined Mr. Swan’s carbon 
process ; and, being satisfied that it was an improvement, we left three plates 
with him, and we now exhibit the results, satisfactory in two of them, while 
the other has some defects ; we are, however, in hopes that soon we will be 
able to produce fac-similes on zinc or copper plates. Mr. Swan has been 
trying experiments for that purpose, and he is in hopes of being successful. 
If so, we will be able to produce them in any number, and at such a mode- 
rate price that they will be available for ordinary publishing purposes. If 
not successful, we expect to be able, by the carbon process, to produce sets 
of plates which will be placed in a few of the principal Museums when com- 
pleted. 


Report on Ice as an Agent of Geologic Change, By a Committee, 
consisting of Professor Otto Torell, Professor Ramsay, LL,D,, 
F.R.S., and H. Bauerman, F,G.S, (Reporter). 

We are of opinion that the work already done in the investigation of the 
phenomena connected with ice is not sufficient to enable us to prepare a 
Report showing the precise effect of ice as an agent of geologic change 
but enough has been done to show in part the manner in which the subject 
may be followed, for the purpose of obtaining information as to the quanti- 
tative action of glaciers, both as regards their erosive and transporting 
powers. 

First, We would select a well-known glacier-region, such as the Alps, 
and there for prehminary investigation fix on a large glacier, simple in 
structure and easily accessible, such, for example, as the lower glacier of the 
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Aar. If not already done, the glacier and the surrounding mountains ought 
to be well surveyed and mapi^cd, and its moraines clearly expressed. 

Secondly, The amount of rocky and earthy matter forming each medial 
and lateral moraine would require to bo determined as accurately as possible, 
probably in the manner illustrated by the accompanying rough diagram of 
an imaginary glacier. 

Take of the medial moraine marked a a space, say, from 1 00 to nOO yards in 
length, and estimate the solid contents of that portion of the moraine. This 
should be done as near as possible to the place where the medial moraine is 
formed by the union of the two lateral moraines x and y ; for lower down part 



of the ma^rial may disappear by falling into crevasses. The same must be 
done tor the morames 6 and c, or for each medial moraine ; and also, in several 
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places, for the lateral moraines d and e. Then ascertain the rates of the 
onward movement of the glacier, according to circumstances, in various por- 
tions of its length, and at various seasons of the year ; and by these means 
will be ascertained to a great extent (but not precisely) the quantity of 
matter carried annually on the surface of the glacier to its termination, and 
this matter will represent a very large part of the waste of the sides of the 
mountains that bound the snow and glacier basins o, p, and the sides of 
the mountains that bound the glacier lower down towards its terminal 
moraine. 

Thirdly. The chief part of the remahuler of the rocky and earthy matter 
that is carried from the mountains to the level of the glacier will pass under 
it at its sides, and mingle with the material that finds its way to the bottom 
of the glacier through the means of crevasses and monlins, and also with 
that which is the product of the erosive action of the glacier exerted on 
its bed and on the stone blocks imprisoned at the bottom of the ice. A 
small part of the above-named remainder may also be caught in the ice and 
imprisoned in rejoined crevasses. 

Fourthly. We see no way of precisely estimating the amount of erosion 
produced by the weight and movement of the glacier — that is to say, the 
rate at which any given glacier may deepen and widen its valley by pure 
wearing action, owing to the circumstance that the sediments discharged 
along with the water that flows from the end of a glacier do not represent 
the amount produced by mere erosive force, for the reason stated under 
head 3. But it is essential to the main question that correct estimates 
should be made of the amount of solid matter brought from under the glacier 
by the help of running water, and also of the amount carried away by the 
continual wasting by streams of the terminal moraine. 

As regards the matter in suspension in the river, and also that forced 
along its bottom, it should be estimated, if possible, at a point r, just below 
where the various streams unite that flow from the ends of most great gla- 
ciers. WTiere there is only one stream (as in the Aletsch glacier), the closer 
to the glacier the better. The operation would be very laborious ; for, unless 
frost and snow prevented it, it would requhe to be done for every day in a 
year or years, and several times each day, at least in summer and autumn, 
and probably in spring and winter also. Bor example, in summer the quan- 
tity of water varies largely, according to the heat of various periods of the 
day ; and it would probably be necessary to make an observation every day 
before sunrise, another some time before noon, another between four and six 
o’clock in the afternoon, and another after nightfall; in fact sufficiently 
often to obtain an average for each day in the year. 

Whth rgard to the transport of heavier matter from the terminal moraine 
(which forms a portion of this pai't of the subject) by the glacier-streams 
that waste it, an index to the amount may approximately he obtained by 
means of the estimates indicated under head 2, assuming that all terminal 
moraines are formed chiefly from matter transported on the surface of the 
glacier. 

Other methods involving special study on the spot would be required for 
the terminal and lower side-moraines of such glaciers as those of La Brenva 
and Miage, which on the sides that face up the valley towards the Lake of 
Comhalle are still growing. 

Fifthly. If the foregoing methods are correct, they might afteiwards be 
applied to all the glaciers of the Alps, and the rate of waste and transport 
by glacier- action might be approximately determined ; and in like manner 
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they might also ho used for well-known and comparatiyely accessible moun- 
tain-ranges hke the Scandinavian chain, the Himalaya, ihe mountains of 
Hew Zealand, and in lime to the Eocky Mountains, the Andes, and others. 

Sixthly. But the above only forms part of the subject, and to attempt to 
estimate’ the existing importance of ''ice as an agent of geologic change,” 
glacier and glacial phenomena generally as regards erosion and terrestrial 
and’ marine transport of material must be taken into account in such regions 
as Spitzbergen, Greenland, and Victoria Land in the southern hemisphere. 
Something on a small scale may be done in Spitzbergen and tlie southern 
part of Greenland ; but at present we see no likelihood of dehnite observa- 
tions being made on the western side of Greenland further north, and in the 
extreme north of that continent, or on its eastern shores, cither in respect to 
the erosion produced by its great glaciers, the effect of Hoe and shorc-ice, or 
the transporting work done by the icebergs that float southwards from its 
shores. 

Something is known of the general results, hut it seems very improbable, 
with regard to the number and size of icebergs, and the (piantity of matter 
they bear southwards, that anything definite is likely to be ascertained at 
present. The same remarks bear yet more strongly on the glacial pheno- 
mena of Victoiia Land. 

Seventhly. But when so much remains to be done on the Alps and on 
other accessible mountain-areas, such difficult points can aflbrd to wait for 
the present; and we ax'e of oinnion that perhaps it is possible, after the sub- 
ject has been investigated with regard to the existing glaciers of the Alps, to 
applj^ approximately the same method to the older exteiisioii of the Alpine 
glaciers during the last glacial period, and to invent a process by which \vo 
may be able in some degree to estimate the amount of erosive waste, and of 
transport of moraine matter on the surface, of the great glaciers of that 
epoch. Acciu'ate surveys of the old moraines of that epoch Avould bo essen- 
tial to this end, such, for example, as that of the groat moraine of Ivrea. The 
extent of the glacier has been shown by Gastaldi, and the area occu])iod by, 
and cubic contents of, the moraine must be estimated ; and if it he possible 
to feel our way towards the data, attempts must ho made to estimate the 
amount of waste of the moraine going on at the time it was deposited l)y tlic 
streams flowing from the end of the glacier. Humorous other considerations 
arise from this extended view of the question, one of which is, that perhaps 
it may be applied to other glaciated regions where glacicavs no longer t^xist, 
such as the Vosges, the Black Porest, Wales, the north of England, Hcollund, 
Ac., thus : — Given an area such as the Alps and the Lowlands of >:^witzer- 
land, covered wdth glacier-ice ; if an approximate estimate ctul be formed of 
the amount of waste snflered by that land due to glacier- aciion, so und(n‘ 
like circumstances is it possibio more or less accuraioly to estimate iho 
amount of erosions and other waste suffered by an equal area in such a ierri- 
toi7 as the noidh of Greenland at the jmesent day. 

in conclusion, any qualified person, with proper assislancc and lime at his 
disposal, could undertake the preliminary work on a single glacier ; but to do 
what is necessary to complete it for such an area as the Alps would probably 
involve national scientific cooperation. 
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Provisional Report of a Committee consisting of Professor Tait^ Pro- 
fessor TyndalL; and Dr, Balfour Stewart^, appointed for the 
purpose of repeating Principal J. D. Forbes's Experiments on the 
Thei'mal Conductivity of Iro7ij and of extending them to other Metals, 
By Professor Tait. 

In consequence of a misunderstanding, the standard thermometers ordered 
from the Kew Observatory did not arrive in time to be employed in the ex- 
periments hitherto made, so that the results now to be stated, besides being 
only approximate^ are, for the most part, confined to a range of temperature 
of about 100° C. merely. Before the next meeting of the British Association 
the whole question will have been reexamined with far superior instruments ; 
but with such thermometers as I had at hand (including some of those used 
by Principal Forbes, of which, however, I have not succeeded in obtaining 
the corrections determined by Welsh at Kew), results have been obtained of 
a character sufficiently definite for j)ublication, though, of course, subject to 
(slight) future corrections and perhaps limitations. 

The substances experimented on were iron, lead, and copper. Two spe- 
cimens of the latter metal were employed, one of high, the other of low 
electric conductivity, the resistances of equal lengths of wires of the same 
gauge being about 1 to 1*64. The ratio of the thermal conductivities of 
these bars was at once found to be within 5 per cent., the same as that of 
their electric conductivities, a result certainly anticipated, but still very 
striking. In specific gravity and specific heat, as well as in chemical com- 
position, mode of manufacture, and drawing, these bars of copper scarcely 
differ. As yet they have been treated for thermal conductivity in the hard- 
drawn state alone ; but annealed wires of the same materials, while showing 
a slightly improved electric conductivity, maintain towards one another a 
ratio practically unaltered. 

Two points have been observed which enable us materially to simplify the 
determination of thermal conductivities by Forbes’s method, so long at least 
as moderate ranges of temperature are concerned ; and we seek no greater 
accuracy than admits of 1 or 2 per cent, of error. 

1. The Curve of Cooling is practically the same for aU the substances I 
have tried (even for gas- coke), merely foreshortened or elongated in terms of 
a parameter, which involves the product of the specific gravity and the spe- 
cific heat of the substance employed. This was, of course, to be expected, 
provided the radiating power of the surface be kept the same, and provided 
conductivity do not interfere with the results. 

2. The Curve of Statical Temperature possesses, practically, the same pro- 
perty, at least for the four difierent bars employed. This proves that -within 
the range of the experiments, and subject to the errors of the thermometers, 
the law of change of thermal conductivity with temperature is the same for 
lead and copper as for iron. I showed (Proc. B. S. Edin., 1867-68) that 
Forbes's results for iron agree closely with the statement that the conduc- 
tivity is inversely as the absolute temperature, a result which is identical 
-with Matthiessen’s determinations of electric resistance of pure metals at 
different temperatures. With a view to follow up this analogy still further, 
I have ordered a bar of German silver, a substance whose electric conduc- 
tivity is but little altered by temperature. The results cannot fail to bo 
interesting. 

Very simple reasoning from the (plotted) curves of Cooling aud of Statical 
^■fimperature shows that, to the amount of accuracy before mentioned, the 
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thermal conductivities of two metals are as the squares of the foreshortenings 
in their respective ciii'ves of statical temperature , I have not considered my 
observations sufficiently exact (chiefly on account of the imperfection of the 
thermometers) to warrant my undertaking the labour of calculating the con- 
stants of empirical formulae to represent them, hut have contented myself 
with results derived from tracing, liherd manu , curves closely representing 
the result of experiment. 

I may mention, in concluding this provisional Eeport, that an air-bath has 
been found preferable to melted solder for heating the bars omploycjd in the 
cooling experiments, and that the conductivity of copper is so much superior 
to that of iron that, when a source of heat above 100° C. is employed, the 
further ends of the 8-feet copper bars require to be kept cold by a constant 
stream of water. In this case the curve of statical temperature undergoes 
an obvious and easily allowed for modification. 


Report of the Committee for the purpose of investigntwg the rate of 
Increase of Underground Temperature downwards in various Loca- 
litieSj of Dry Land and under Water. Drawn up by Professor 
Everett, at the request of the Committee ^ consisting of Sir William 
Thomson, 5., E.W.Binney, jP.JJ.>S.,jP.G.5f., Archibald 

Geikie, F.R.S.j F.G.S., James Glaisher, F.R.S.^ llev. Dr. 
Graham^ Prof. Eleeming Jenkin, F.R.S., Sir Charles Lyell, 
Bart ,) LL . D .) jF.JS.S., J. Clerk Maxwell, F . R . S ,) George Maw, 
F,L,S,) F.G.S; Prof. Phillips, LL.D., F.R.S-, William Pengelly, 
FR.S.) F.G.S,) Prof. Ramsay, F.R,S,) F.G.S., Balfour Stewart, 
LL,D,) FR.S.j G. J. Symons, Prof. James Thomson, C.£7., Prof. 
Young, M.D., F.R.S.F,, and Professor Everett, D.C.L.) F'.R,S,F., 
Secretary. 

In the last Eeport it was stated that several small hardy maximum ther- 
mometers suited for rough work were being constructed by Gasella under the 
direction of the Committee. These instruments have now been in use for a 
year and have been found to work well. 

Their construction is as follows: — A Phillips’s maximum thermometer, about 
10 inches long, graduated in Fahr. degrees from about 30° to 90°, is her- 
metically sealed within a glass tube, which is about three-quarters filled wiih 
air and one-fourth with alcohol, the thermometer being kept from touching 
the tube by cork rings. The thermometer thus enclosed is inserted in a 
copper case for protection, contact between the glass and the copper being 
prevented by india-rubber. The air within the hermetically sealed tube 
prevents the great pressure which acts upon the exterior of the tube in deep 
bores filled with water from being transmitted to the thermometer within. 
The use of the alcohol is to lessen the time required for the thermometer to 
come to the temperature of the surrounding medium. 

The Committee would take this opportunity of stating that they will be 
happy to supply these instruments to any persons who will undertake to make 
observations of the temperature in borings. 

Mr. M‘Farlane (assistant to 8ir W. Thomson), who furnished for the last Ee- 
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port a series of observations taken at Blythswood bore, now furnishes obser- 
vations taken with the therinoineter above described at two other bores. At 
Kirkland Nenk boro near Blythswood, his observations were made in March 
and April 1868, and again in August and September of the same year. At 
South Balgray on the north side of the Clyde, his observations were made in 
July 1869. The following are the particulars of the observations. 

Observations of Underground Temperature at Kirkland Keuk Bore, 
Bljdhswood, 1868. 

Diameter of bore inches. 


Taken during March and April. 

Taken during August 
and September. 

Depth. 

Temp. 

Fahr. 


Temp. Fahr. 

feet. 




60 

44-67 

Mar. 28. 

48-0 


45*50 

„ 31. 


120 

48-15 

» 20. 

48 7 


48*20 

„ 23. 

48*65 




49*0 




49*0 

180 

50*29 

,, 18. 

5020 


50*30 

M 21. 

50*35 

240 

51-70 

„ 13. 

51*3 




51*5 

300 

53-10 

» 7. 

52*5 




52*5 

354 

53-60 

Apr. 2. 

53-5 



53*53 


This bore was originally 570 feet deep, but was filled -with sediment to 354 
feet from the surface. During March and April the weather was rainy, and 
a continual flow of water from the surface passed into the boro, escaping at 
some unknown depth. The temperature observed varied considerably at 
different times, especially towards the surface. Those here recorded were 
taken when the surface-flow was least, the others have been rejected from 
their irregularity as not trustworthy. 

In August and September the weather was dry, and the surface of the 
water in the bore remained at a nearly constant depth of 30 feet, and the 
temperatures observed are much more regular. 

An attempt was made to have the sedhnent taken out so as to render the 
whole depth available for observation, when an accident occurred to the iron 
tube protecting the upper part of the bore, and nothing further has been 
done. 

Observations of Underground Temperature at South Balgray, west from 
Glasgow, north from the Clyde- Diameter of bore 3 inches. 

This bore, originally 1040 feet deep, is available to a depth of 525 feet. 
The observations here recorded were made at the beginning of July 1869, 
the surface of the water being constant at 5J feet from that of the ground. 
Diameter of boro 3 inches. 

Depth. Temp. Depth. Temp. 

feet. Q feet. q 

60 48-2 July 2, 1869. 60 48-22 July 6, 1869. 

48-2 2 „ 48-20 „ 9 „ 

N 


1869. 
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Depth. 

Temp. 


Date. 

Depth. 

feet. 

Temp. 

Date. 


120 .... 

.. 40-5 

.... July 2, 

1869. 

3G0 

nr>-;io 

July 9, 1809. 


49-5 

.... „ 

2 

ii 


55*45 

.05-33 


}> 


40*00 


5 






49-65 


5 



55-35 

13 

j) 


40-53 


G 




„ 9 



49-60 

.... 5, 

9 

» 

390 

. 56-11 

}f 


49-60 


9 

J> 


56-09 

„ 9 

11 






56-13 

„ 13 

51 

180 .... 

.. 51-0 


2 

JJ 





51-0 

... 5, 

2 


420 

. 56-9 

2 

15 


51-21 

5 



57-30 

„ 5 

55 


51-20 


5 



57-20 

„ 5 

55 


51-21 


6 

» 


57-10 


55 






67-09 


55 

240 

52-71 o .. 


q 



57-18 

„ 0 





2 



57-20 

„ 9 



62-90 


5 

5) 


. 57-80? 

„ 9 



52-75? 


5 


450 



52-01 


9 



68-10 

„ 9 

55 


52-90 


9 



58-10 

„ 9 

55 


52-90 


13 

i) 


5S-,33 

„ 13 

55 


52-95 

.... ,5 

13 



58-00 

„ 13 

55 

300 .... 

.. 53-9 


2 

•j 

480 

. 68-7 

2 

J5 


53-8 


2 


58-72 

„ 5 

55 


53-80 

»•••• 5« 

5 

5> 


58*70 

„ 6 

5* 


53-92 


5 



58*70 

„ 0 



63-90 

•••* 

6 

9i 






53-90 

•••* 55 

9 

a 

488 

. 59-05 

9 

55 


53-90 


9 

» 


69-00 

9 

55 

3G0 .... 

.. 55-7? 

.... 5, 

2 


525 

. 59-3 

„ 2 

55 


55-40 

. ... „ 

5 

jf 


596 

„ 2 

55 


65-36 

.... jj 

5 

If 


59-9? 


55 


65-39 

.... ), 

0 

ff 


59-40 

6 

55 


55-31 

}S 

9 

ft 


59*40 

„ 6 

55 







59-45 

„ 9 

55 


In regard t.o these observations, I have to remark that the thermometer 
had to be draw np with great caution, as I found that the thermometer 
case, or a knot on the cord, meeting with a slight obstruction from rugged 
parts of the bore, produced a suificicut shock to cause the detached portion of 
the mercury to sink, which rendered the observation useless. The discre- 
pancies in some of the observations marked (?) may be duo to this cause. 
In several cases, when the shock was distinctly felt, I foxxnd the reading very 
low, and at once rejected it. 

The mode of procedure was as as follows : — the readings wore taken gene- 
rally at intervals of 60 feet (10 fathoms). 3?or the smaller depths iced water 
was used to set the thermometer below the temperatui’e of tho locality to be 
tested, and on being brought to the surface, it was put into the water while 
taking tho reading for considerable depths ; this was unnecessary, as its 
passage through the colder upper strata served the purpose sufficiently. Fre- 
quently two ohservations were taken at one depth in succession, but never 
more, before proceeding to the next greater ; and in no case was a reading 
taken at any depth after one had been made at a lower on the same day. 

Between the depths 390 feet and 450 feet there is continuous shale, and I 
thought it might he interesting to have the temperature of both these localities. 

At the depth of 488 feet commences a bed of greenstone about 140 feet thick, 
but the sediment prevented me from getting more than 37 feet into this bed. 
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As it would "bo interesting to get tlirongli the greenstone, I am at present 
maldng inquiries as to the expense of having the mud pumped out. 

The following is an account of the strata penetrated by this bore, togethcT 
with an abstract of the foregoing results : - 


July 1869. South Balgray Bore. 


Depth. 

Nature of strata. 

Number 
of layers. 

Thickness 

Tempera- 

ture. 

Differ- 

ence. 

Difference 
per foot. 

ft. 



ft. 

in. 

0 

0 

o 


Surface-soil .... 

1 

1 

0 





Sandy clay .... 

1 

3 

6 





Dark fakes .... 

1 

2 

6 





Grey fakes .... 

2 

18 

9 





Dark blaes .... 

8 

22 






Sandstone .... 

1 

10 

0 





Coal 

1 

1 

0 





Ironstone .... 

4 

0 

9 




60 










19 

60 

Oi 

4S-20 




Dark fakes .... 

2 

6 

9 





Dark blaes .... 

9 

29 

7 





Sandstone .... 

2 

17 

6 


1-36 

0*0227 


Coal 

1 


3 





Ironstone 

6 

5 11 




120 










20 

60 

0 

49*56 




Dark fakes .... 

4 

9 

6 





Grey fakes .... 

3 

16 

3 





Dark blaes 

3 

8 

H 





Light blaes .... 

1 

1 

2 


1*56 

0*0260 


Sandstone .... 

3 

22 

2 





Coal 

2 

1 

5 





Ironstone .... 

3 

1 

Oi 




ISO 










19 

60 

0 

51-12 




Grey fakes .... 

1 

3 

6 





Dark blaes .... 

10 

38 

9 


1*72 

0*0287 


Sandstone .... 

1 

10 

8 





Ironstone .... 

8 

7 

1 




240 










20 

60 

0 

52-84 




Dark fakes .... 

2 

17 

3 





Grey fakes .... 

2 

12 10 





Dark blaes .... 

1 

4 

0 


1*04 

0*0173 


Sandstone .... 

1 

25 

8 





Ironstone .... 

1 

0 

3 




300 










7 

60 

0 

53-88 
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July 1869. South. Balgray Bore (continuecl). 


Depth. 

Nature of sti*ata. 

Number 

oflayers. 

Thickness. 

Tempera- 

ture. 

Differ- 

ence. 

Difference 
per foot 

ft. 



ft. 

in. 

o 

o 

o 



Dark fakes .... 

3 

11 


53-88 





Eakey sandstone 

2 

25 

7 






Dark blaes .... 

8 

17 

64 


1-52 

0-0253 



Ironstone 

7 

5 

6 





360 











20 

60 

0 

55-40 





Dark fakes .... 

3 

19 

84 






Dark blaes .... 

1 

6 

^2 


0-71 

0-0237 



Sandstone .... 

3 

3 11 





390 











7 

30 

0 

50-11 



o 

o 







1-03 

0-0343 


420 

Dark blaes .... 


30 

0 

57-14 



B 












! 




0-99 

0-0330 










fu 

450 

Dark blaes .... 


30 

0 

58-13 





Dark blaes . . . 


6 

44 






Dark limestone . 

*i 

3 

1 






Light do. hard 

4 

7 

0 


0-57 

0-0190 



Limey fakes , . 

4 

13 

1 






Parting 

1 

0 

1 






Fakey limestone 

1 

0 

44 





480 











11 

30 

0 

58-70 





Fakoy limestone 


10 

104 






Greenstone 

i 

34 

H 


0-82 

00182 


525 











1 

45 

0 

59-52 





Difference of temperature for 405 foot . 

Mean difference of temperature per foot 0°-0244, 

being at the rate of 1° for 41 feet. It will bo remarked that the shale, 
which extends from 390 feet to 450 feet, shows a more rapid increase of 
temperature, and therefore smaller conductivity than the other strata*'. 

The following is an account of the strata penetrated by the Blythswood 
bore (Ko. 1), together with an abstract of the temperatures observed in it. 
The particulars of the observations of temperature were given in last year’s 
Boport. 

^ As regards the relation between rate of increase of temperature downwards and 
thermal conduetmty, it is to be borne in mind that in comparing different parts of one 
bore these (jnantities are generally in inverse proportion to each other ; but this rule does 
not apply to the comparison of two bores in different localities. See Mr. Hopkins’s paper, 
Phil. Trans, vol. oxlvii. 
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1867-68. Blytliswood Bore, iN'o. 1. 


Depth. 

^Nature of strata. 

Number 
of layers. 

Thicbaess. 

Tempera- 

ture. 

Differ- 

ence. 

Difference 
per foot. 

ft. 



ft. 

in. 

0 

0 



Surface-soil. . . . 

1 

1 

6 





Till with stones . 

1 

46 

6 




60 

Dark till 

1 

12 

0 





3 

60 

0 

47*95 




Dark till 


11 

0 





Fakes 

2 

6 

3 





Dark blaes 

10 

12 






Blaes and fakes . 

4 

12 

6 


1-27 

•0212 


Sandstone 

6 

15 

74 





Coal 

3 

1 

8 





Ironstone 

3 

0 

7 




120 










28 

60 

0 

49*22 




Sandstone fakes. 

8 

21 

H 





Blaes 

7 

18 

H 





Sandstone .... 

4 

18 

3 


1*28 

•0213 


Coal 

2 

1 

64 




* 

Ironstone 

4 

0 IQi 




180 





• 





25 

60 

0 

50*50 




Sandstone fakes. 

7 

33 

24 





Sandstone .... 

5 

10 

4 


1*08 

•0180 


Blaes 

9 

15 

84 





Ironstone 

4 

0 

9 




240 










25 

60 

0 

51*58 




Sandstone fakes. 

2 

10 

04 





Sandstone .... 

2 

8 

64 


1*18 

•0197 


Dark blaes .... 

12 

36 11 





Ironstone 

11 

4 

5| 




300 










27 

69 11| 

52*76 




Sandstone 

2 

18 

2 





Dark blaes .... 

4 

27 

94 


•93 

•0198 


Fakes 

1 

0 

3 





Ironstone 

2 

0 





347 










9 

47 

0 

53*69 




Our attempts to obtain the journal of the Kirkland Keuk bore, showing 
the strata penetrated by it, haye not as yet been successful. The mean rate 
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of increase, calculated from the observations in August and September, is 
0*^-0187 per foot, or 1° for 53-5 feet. 

This is the bore which was referred to in the following passage of last 
year’s Eeport. 

“ It has been selected because the mining engineer states in his report 
that the coal has been very much burned or charred, showing the clfects of 
heat ; and it becomes an interesting question, Are there any remains of that 
heat that charred the coal in ancient times, or has it passed oh‘ so long ago 
that the strata are now not sensibly warmer on account of it ? ” 

The observations seem to establish the latter alternative, this boro being 
rather colder than its neighbour, the Blythswood No. 1. 

Mr. G. J. SjTiLons, Member of the Committee, has furnished the following 
account of observations taken by him to the depth of 1100 feet in an artesian 
boring at Kentish Town : — 

Observations have been made during a considerable length of time, and 
with every precaution and care, through the London Clay, Thaiiet Sands, 
Chalk, Tipper Greensand, and Gault, in the vicinity of the metropolis, under 
the following circumstances. 

There exists in the northern suburbs of Loudon, between Kentish Town 
and Highgate, a remarkably largo well, 8 feet in diameter and 540 feet deep, 
lined throughout mth the finest brickwork, and reaching 214 feet deep into 
the Chalk. This well was the property of a Company whoso Act of Parlia- 
ment bore date 35th Henry YIII. (a.d. 1544), and atforded a supply of 
water to the surrounding neighbourhood until, in 1852, when, under the 
joint infiuence of the Board of Health, who objected to hard w^atcr, of in- 
creasing demand and decreasing quantity, the Company decided on seeking 
a fresh supply. It was represented to them as most probable that by sink- 
ing a bore-tnbe to a depth of about 1000 feet, the Lower Greensand would be 
tapped, and an abundant supply of excellent water obtained. The then 
existing well being more than half the entire depth required, it was decided 
to bore from its bottom, and thus save half the cost. The boring was carried 
down to 1302 feet (nearly a quarter of a mile), hut the Lower Greensand was 
absent ; some unknown rooks were penetrated, and the Company, after spend- 
ing on their works, well, and boring nearly ^100,000, became bankrupt ; 
the New Kiver Company purchased the plant, but wore advised not to con- 
tinue the search ; the hidldings were sold for old materials, and the whole 
left in a ruinous condition. 

I consulted other memhers of this Committee as to the expodioTicy of ob- 
taining from the NowBivor Comp. pornuHsion to experiment on this bore, and 
consent having (through the courtesy of Mr. Muir, Ihe Company's engineer) 
been obtained, it was decided that observations should bo forthwith commenced* 

Giving to the ruinous condition of the top of the well, and the depth of 
the top of the bore-tnbe below the ground, very considerable danger and 
discomfort attended the preliminary arrangements, although those very dif- 
ficulties have eventually led to the detection of sources of error not previously 
suspected, and to exceptionally accurate results. 

“ The accompanying sketches explain pretty clearly the exact circumstances 
under which the observations were taken, viz. that a hut was erected over 
the top of the well to shut out, as far as practicable, external temperature 
and to protect the apparatus ; that a stout floor was fixed 10 feet down the 
well to afford access to the tube ^ and safety to the observer, the top of the 

^ *‘It is searoely necessary to say that the tube commences 0 feet below the surface of the 
ground, and passes down through the welL” 
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tube only rises one foot above the floor, and is plugged with a large ball of 
felt to prevent external air having free communication with the tube. The 
exact Hmits of the various strata are also shown, together with the constant 



A, flooi% 10 feet below surface of ground. 
B, brick-ledge. C, bore-tube, fitting tightly 
in floor. D, steps leading to entrance door E. 
G-, opening into well, with trap-door. H, 
beam suporting pulleys, over which pass two 
cords Q Q, one leading to tube and the other 
to well. J, windlass, separately represented 
in second figure. L, registering-apparatus, 
with dials M, indicating amount of cord paid 
out. N, stand of windlass, fixed to brick- 
work B. R, thermometers for temperature 
of observing room. O O, thermometers for 
underground temperature. 


depth at which water stands in the tube : this constancy is worth notice ; for 
whereas in most cases water-levels vary with the rainfall in the districts 
whence they obtain their supply, the water at Eentish Town, has not varied 
more than six inches during the last ten months, and is very muddy. The 
diameter of the horo-tiibe is 8 inches. 

Two thermometers haye always been used in these observations, — one 
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similar to those designed for the use of the Committee by Sir Vm. Thomson, 
and the other an extra strong Six’s thermometer, as supplied to the Admi- 
ralty by Casella. The influence of great pressure on the indications of ther- 
mometers having recently attracted considerable attention, it may bo well to 
state that the greatest pressure to which those used at Kentish Town have 
been submitted is about a fifth of a ton per square inch, and this causes the 
Six’s thermometer to rise about 0®*4 ; Sir W. Thomson’s thermometer being- 
pro tccted by an outer glass tube is entirely uninfluenced by this pressure, oir 
even, as Professor Miller’s experiments have shown, by a pressure of two tons 
and a half on the square inclv^\ Hence it is certain that pressure has been 
deprived of aU influence. The use of two thermometers of difibrent con- 
structions ensured the detection of any slipping or accidental error in the 
observations, but in the regular series not a single instance of the kind has 
occurred. 

In order to ascertain the depth of the instruments easily, accurately, and 
independently of any variation in the hygromotric condition of the lowering- 
cord, it was conducted from the windlass round a grooved wheel exactly 
36 inches in circumference, to whoso axle an endless screw was attached, 
which worked a train of divided wheels, so that the exact distance could 
be taken at any instant. 

It was supposed that several trustworthy observations could bo obtained 
in the course of one day ; but the following Table shows that this was not 
the case, and confirms the expediency, where practicable, of allowing con- 
siderable time for the instruments &c. to come to thermal equilibrium. At 
Kentish Town the observations on which reliance is placed have been made 
at intervals of not loss thmi six days, and generally of seven. On two or 
three occasions, however, attempts have been made to obtain observations at 
short intervals, and the foILovring are the results : — 


Depth, 
in feet. 

Time allowed. 

Date. 

Temperature 

indicatod. 

True 

temperature. 

Error. 

100 

1 hour. 

March 5. 

60-1 


51-0 

-0-9 

200 

55 

55 

51-8 


53*6 

«-l-8 

300 

55 

55 

56*1 


56-1 

0-0 

400 

55 

55 

55-0 


58-1 

-3-1 

500 

55 

55 

58-1 1 



2-1 


55 

55 

60*0 

i- 

CO-2 

-0-2 

5J 

' 55 

55 

GO-2 



0-0 

550 

1 

Fob. 12. 

61-0 


Gl-O 

0-0 

600 

55 

March 5. 

58-01 


61-2 

-3-2 


55 

55 

58-2 ! 


-3-0 

700 

59 

55 

55 

55 

55 

62*5 - 
62-6 


62-8 

-0-3 

-0-2 

710 

55 

Half-hour. 

55 

55 

55 

62-8 

62-9 


62-9 

-0-1 

0-0 

750 

20 minutes. 

Feb. 19. 

63-0^ 


63-4 

-0-4 

1 


* h experiments were made with an hydraulic press, and are do- 

sertbed m the Boy. Soc. Proceedings for June 17, 1869 (Jifo. 113). Several thennomeksrs 




ON UNDERGROUND TEMPERATURE. 


185 


It is well known that in the solid crust of the earth the influence of sea- 
sons penetrates but a slight depth, say 60 feet ; but it occurred to me that 
this might not hold good in the case of such an opening as the Kentish Town 
well. I therefore decided on commencing my observations at midwinter, 
continuing them regularly to midsummer, and then repeating every obser- 
vation ; those at each depth will therefore have been taken twice at exactly 
opposite seasons, and at intervals of six months. The necessity for this 
extreme care did not appear obvious at first, and it seemed as if the various 
precautions against the ingress of atmospheric temperatures had rendered it 
superfluous ; but during recent hot periods its desirability has become abun- 
dantly manifest : the temperature at a depth of 50 feet was 49°*2 in January 
and 54°T in July; that at 100 feet was 51° in January and 54°*3 in July ; 
at 150 feet 52°* 1 in January and 54°*7 in July. It is therefore evident that 
under the circumstances existing at Kentish Town, it is more easy to deter- 
mine accurately the temperature at great depths than at the lesser ones. It 
is certain that but for the precautions taken, and the unusual mildness of the 
winter, the temperature at 50 feet would have been much below 49°’2. 
Whence it further appears that though a single observation at depths below 
200 feet will probably give accurately the true temperature at any selected 
depth, yet in shafts and bores similarly circumstanced to that now under 
notice, very discordant results may be obtained at lesser depths. Moreover, 
it is obviously impossible, by any but long-continued observations, to deter- 
mine accurately the surface-temperature of the ground, or the equivalent of 
a depth of 0 feet ; it may therefore be expedient, for the purpose of com- 
pleting the series, to assume that the mean temperature of 
the surface of the soil at Kentish Town, 187 feet above mean 
sea-level, is identical with that of the air at Greenwich (49°) 
at 159 feet above the sea, and it is satisfactory to find that 
the observations hitherto made agree perfectly with this 
hypothesis. Although, as we have already stated, the ex- 
periments are by no means concluded, it may be convenient 
to tabulate the results hitherto obtained. Being impressed 
with the high importance of accurate knowledge of the 
rate and amount of seasonal change in the shaft, Mr. Symons 
designed, and Mr. Casella (aided in part by Messrs. Silver & 

Co.) constructed, a very delicate thermometer, which was 
cased 5 inches thick in felt and non-conducting materials, 
and enclosed in an ebonite box, as in the annexed section ; 
the non-conducting powers of this instrument were such that 
on one occasion it was raised into the ohserving-room show- 
ing a temperature of 51°T4, and after being in a tempera- 
ture of 60° for thirty-five minutes it had only risen 0°*02. 

By this means it was therefore possible to bring np the exact temperature of 
any required depth, uninfluenced by the warmer or colder strata through 
which it might have to pass. It was regularly observed for some time during 
the present spring, and the following readings obtained : — 



were experimented on. Sir W. Thomson’s is that which is designated ‘No. 964:5. A 
mercurial maximum thermometer, on Professor Phillips’s plan, enclosed in a strong outer 
tube containing a little spirit of wine, and hermetically sealed,’ ” 
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‘‘ Temperature hj Insulated Thermometor 100 feet below Surface. 

Increase 
per diem. 


1869, April 3 ... 

51-21 


33 

12 .. . 

51-40 

,, 

33 

17 ... 

51-44 


33 

24 .. . 

51-52 

}} 

33 

30 .. . 

61-54 


May 

7 ... 

51-58 

}) 

33 

14 .. . 

. 51-85 

3) 

33 

21 .. . 

. 52-00 

3) 

33 

28 ... 

. 61-92 

33 

June 

4 ... 

. 51-94 

33 

33 

11 .. . 

. 52-10 


0 * 021 * 
0*008 
0*011 
0*003 
O-OOG 
0*024 
0*021 
0*011 
-0*003 
+ 0*025 


Tucroasc, A])nl 3 to lunc 11, 
0*80 or 0^*013 per diem. 


‘‘ The main results of the experiments in the bore-tube arc shown in the 
following Table : — 

‘‘Abstract of Ecsults obtained at Kentish Town Well, Jan. 1 to Juno 30, 1869. 


Depth. 

Date of 
obsei’va- 

Observed 

tempe- 

rature. 

Ditfcr- 
enco for 

Rato of 
increase, 

Temperature in 
observing- room. 

Depth 

of 

Dejith to 
Biiriacc of 
•water 
in tube. 

tion. 

50 feet. 

per foot. 

Mux. 

Min. 

rain. 

ft. 



o 



o 

in. 

ft. in. 

50 

Jan. S, 

49*2 

1‘8 

VI 

1*5 

2*4 

0*1 

0-0 

2*0 

1*0 

VI 

0*8 

0*2 

02 

1*4 

0*6 

0*8 

0-8 

*036 

•022 

*030 

•048 

•002 

*000 

•040 

•020 

*022 

*016 

•004 

*004 

*028 

•012 

•016 

*016 

46*8 

38*2 

1*06 


100 

150 

11 15. 
„ 22. 

51*0 

52*1 

49*2 

46*8 

39*5 

36*0 

•20 

•22 

210 0 

200 

„ 29. 

53*6 

43*0 

31*8 

•64 


250 

Peb. 5. 

50*0 

48*4 

39*5 

•83 

208 0 (a) 

300 

„ 12. 

56*1 

49*4 

42*3 

•89 

210 6 

350 

,1 19. 

50*1 

48*2 

3‘9*2 

•38 


400 

„ 20. 

58*1 

46*5 

36-8 

•67 

209 0 

450 

Mar. 5. 

59*1 

46*5 

35-2 

*59 

210 0 (i) 

600 

1. 12. 

60*2 

45*8 

35-2 

•10 

550 

,1 19. 

61*0 

44*0 

34*8 

•15 


600 

.1 23. 

01*2 

445 

37’() 

•95 


650 

„ 27. 

61*4 

430 

34*9 

•05 

^219 0 (o) 

700 

April 3. 

62*8 

43*6 

36*0 

*22 

211 0 

750 

I'* 

()3*4 

54*0 

37*3 

•To 


800 

» 17. 

C4-2 

54*4 

46*2 

•38 

20t) 0 

850 

„ 24. 

m-o 

0*8 

0’9 

1*1 

•016 

*018 

*022 

52*4 

40*8 

•53 


900 

30, 

05-8 

5r>-2 

40*(i 

•01 

210 0 

950 

May 7. 

0(i*7 

53*8 

43*5 

1*00 


.1000 

„ 14. 

67*8 

1 .«> 

*024 

54*2 

45*4 

•47 

210 6 

1050 

» 21. 

69 0 


55*2 

44*2 

•47 

210 6 (d) 

1070 

„ 24, 

(>9*3 

... 

... 



1085* 

» 28. 

t)9'6 

... 

... 

58*0 

47*2 

•75 

210 6 

1085’" 

June 4. 

69*8 

0*7 

1*0 

*014 

*020 

50*0 

43*0 

•58 

1100* 1 

» 11. 

09’7 

01*9 

48*5 

•01 

2J0 6 

1100* 

1. 14. 1 

70*0 





Eemarks. 

** (a) Tirst observation in the water. 

*' (h) Water becomes muddy. 

(c) This water-measurement seems erroneous. 

“ (d) On attempting to lower the thermometers to 1100 feet, found the mud Bupportod 
them, and the cord bemme slack. The observations to which an asterisk is attached were 
obtained by leaving the cord so slack as to allow the thermometers to bury themselves in 
the mud ; but there is much risk in attempting to withdraw thetn.’^ 
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Assuming 49® as the surface-temperature, and adopting 70° as the tem- 
perature at 1100 feet, wo find, for the mean rate of increase downwards, 
•0191° per foot, or 1° for 52*4 feet. 

‘‘ Comparing the first obsorvation in the water (56°) with the temperature 
at the bottom (70°), the mean rate of increase comes out •Oldd, or 1° for 
60-6 feet. 

During the remainder of the present year the repetition of the observa- 
tions will be continued, and it is hoped the infiuence of seasonal changes will 
be measured and eliminated. In conclusion, we have to acknowledge the 
liberality of the !New Eiver Company in allowing Mr. Symons unreserved 
access to their grounds, and permission to erect the necessary apparatus, 
which has been efficiently protected by their servants. ” 

I desire to say, in reference to the foregoing Eeport, that the length of 
time which Mr. Symons found it necessary to interpose between his observa- 
tions is a peculiar circumstance of which I can at present oifer no sufficient 
explanation, and I cannot help thinking that it might be obviated by some 
modification of the arrangements. Mr. M‘Parlane, in three different bores, 
has found 15 minutes amply sufficient to give the correct temperature. Can 
the difference be owing to the greater size and smoothness of the bore in this 
instance offering less resistance to vertical currents ? 

As regards the first 210 feet, being the portion occupied by air, it is not 
surprising that the influence of season should here be perceptible, seeing 
that the well is 8 feet in diameter. The temperature of the air in an open- 
ing of this size, even for the average of the year, cannot be taken to represent 
that of the solid earth at the same depth, but wiU doubtless be found to be 
intermediate between the latter and the mean temperature of the exter- 
nal air. 

The Rev. Dr. Graham (Member of the Committee) has taken observa- 
tions in a bore at Logie "Works, near Dundee, through the kindness of the 
proprietors, Messrs. Edwards, from whom he received much assistance. The 
bore was available to the depth of 640 feet, and was described, before the 
observations, as being fiUed nearly to the surface with water, in which there 
was no perceptible motion. Much difficulty was experienced from the shak- 
ing down of the detached column of mercury in the thermometer ; but this 
was at length obviated by fixing the thermometer horizontally in a hollow 
cup in a piece of hard wood, which had a hinged glass cover to permit of 
reading the indications, provision being made for the free circulation of the 
water, and a weight being attached to the bottom to act as sinker. The 
temperatures observed were exceedingly anomalous, being about 10° greater 
at 100 feet than at 50 feet, then increasing to the depth of about 400 feet, and 
afterwards decreasing to the bottom. Dr. Graham states that he and his 
assistant observers were convinced that the water which filled the bore was 
obtained at the depth of about 170 feet, and that while one portion rose to 
the surface, another and smaller flowed downwards and escaped through the 
lower strata. 

Mr. John Hunter, Assistant to the Professor of Chemistry, Queen’s Col- 
lege, Belfast, has taken a few observations in two shafts, sunk witb a view 
to salt-mining, at high ground near Carrickfergus. In both of them the 
water stood only to the depth of a few feet. It was found that the tempera- 
ture of the air within the shafts increased downwards, at any one time, with 
tolerable uniformity, but varied greatly with the weather. The shafts were 
kept constantly closed by boarded covers, except during tbe actual process 
of observing. The temperature of the water at the bottom, which is as- 
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sumed to represent pretty accurately the temperature of the soil at the same 
depth, was 62°*4 in Duncriie shaft at the depth of 570 feet (observed No- 
vember 7, 1868), and 66° in Mr. Dalway’s new shaft at the depth of 770 
feet (observed November 14, 1SG8). Assuming* 48^^ as the mean surfaec- 
temperaturo, the increase of temperature downwards would l)o at the rutos 
of 1° in 40 feet and 1° in 43 feet respectively. The soil in both cases was 
yellow clay. 

Mr. David Burns, of II.M. Geological Survey, now stationed at Allendale 
near Carlisle, has taken observations in that neighbourhood, which he thus 
describes: — “The first shaft I tried is over 50 fathoms in depth, and is 
about half full of water. It is situated on the summit of a ridge a few 
yards distant from a fault of some 900 feet throw. The flow, or rather 
change, of water in it, from these or other causes, is considerable, as is 
shown by the temperature. The Sresiilt of my observations may bo put 
thus : — 

“ After a period of drought — 


feet. 

“ Depth 160 
„ 200 
„ 250 

„ 300 


Temperature 

9J 

99 

99 


47-5 

47 

47-7 

47-7 


“ The mmimum temporatm’o is at 200 feet. This reading may l>o relied on, 
as I repeated the obserTation to make sure of it. Perhaps at this level lies 
the chief feeder of water. 

“ Shortly after heavy rains — 


feet. 


“ Depth 160 
„ 200 
„ 250 

„ 300 


Tcmporatui'e 47 
» 47-5 

„ 47-3 

„ 47-3 


99 


Mr. Burns goes on to relate his unsuccessful attempts to take observations 
in two other shafts, which turned out to bo closed, x^i'obably by platforms, at 
a depth of several feet below the surface of the water* 

In concluding this Deport, I would bog to direct attention to a valuahlo 
summary of observations of underground temperature at groat depths con- 
tributed by Mr. Hull to the ‘ Quarterly Journal of Bcienco’’ for January 
1868, from which the following Table of results has been condensed :«»- 


Puits de Grenelle, near Paris ...... 

Depth, 

in 

feet. 

1794-6 

Tomponituro at 
bottom, in 
degrees Pahr. 

81-95 

Average mio 
of 

increase, 

0 feet. 

1 for 59 

Boring at Neu Salzwerk, West|>halia . 

2281 

91-04 

1 „ 54-68 

Boring near Geneva 


t - • • 

1 „ 55 

Boring at Mondoidf, Luxemburg .... 

2394* 


1 „ 57 

Monkwearmouth Colliery 

1499 


1 „ 60 

Bose Bridge Colliery, near Wigan . . 

1800 

so" 

1 „ 58-3 > 

Astley Pit, Dukenfield, Cheshire .... 

2040 

75-5 

.1 „ 83-3 


Mr. Hull strongly insists on the necessity of observations at greater 
depths. He gives reasons for maintaining that, at depths exceeding 2000 



, ON RENTES CAVERN, DEVONSHIRE. 189 

feet, no water would be found in ordinary Coal-measure strata, and offers a 
•recommendation in the following terms : — 

After much consideration, the plan which we venture to recommend, in 
case of experiments being undertaken by the British Association, or any 
other scientific society, would be, not to commence at the surface, but at 
the bottom of a coal-mine, of not less depth than 600 yards. 

There are several collieries, particularly in Lancashire and Cheshire, 
sufficiently deep for the purpose. It would be an easy matter to excavate a 
chamber in the coal and its roof, where the borings might be carried on. The 
chamber ought to be a short distance from the bottom of one of the shafts, 
and out of the way of mining-operations. As the process of boring pro- 
gressed, observations should be taken at every 10 yards, and at every change 
of strata, from sandstone to shale or coal. The boring might be carried 
down at least to a total depth of 1000 yards from the surface, and having 
been completed .under proper supervision, could not fail to give results of 
value to science. It is also probable that a proprietor of some colliery of 
the required depth wonld willingly afford the facilities for carrying on the 
experiment, for the sake of the information he would derive regarding the 
minerals underlying the coal-seam then being worked.” 

With respect to this recommendation, I may say, in the name of the Com- 
mittee, that they consider it very valuable, and would gladly axul them- 
selves of any opportunity of carrying it out, so far as the funds at their 
disposal permit. 


Fifth Report of the Committee for Exploring Kenfs Cavern^ Devonshire, 
The Committee consisting of Sir Charles Lyell, Bart.^ F.R^S,, 
Professor Phillips, FM.S,, Sir John Lubbock, Bart,^ F.R.S., 
John Evans, F,R.S.j E. Vivian, George Busk, F.R.S.^ William 
Boyd Dawkins, F.R.S.^ and WjjjLIau Pengelly, F.R.S. {Reporter), 

Before commencing the Eeport of their researches during the last twelve 
months, the Committee heg to call attention to a few facts connected with 
branches of the Cavern explored in previous years. 

In their Third lleport, presented to the Association at Dundee in 1867, 
they stated that in a part of that branch of the Cavern termed the “ Vesti- 
bule,” there was beneath the Stalagraitic Ploor, and generally in direct con- 
tact with its nether surface, a layer of black soil, known as the Black Band,” 
which varied from 2 to 6 inches in thickness, covered an area of about 100 
square feet, and at its nearest approach was 32 feet from the northern en- 
trance of the Cavern. They also stated that this Black Band contained a large 
amount of charcoal, and that in it had been found 366 flint implements, 
ffakes, cores, and chips ; a hone harpoon or fish-spear, and a bone awl ; and 
numerous bones and teeth of extinct and recent animals, some of which were 
partially charred. They further remarked that were they to speculate re- 
specting the probable interpretation of the Black Band — hearing in mind its 
very limited area, its position near one of the entrances of the Cavern and 
within the influence of the light entering thereby, its numerous bits of char- 
coal and of burnt bones, its bone tools and its very abundant, keen-edged, 
unworn, and brittle chips and flakes of whitened flint, — they might be tempted 
to conclude that they had not only identified the Cavern as the home of an 
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early Eritish. family, but the Vestibule as the particular apartment -w^bcrc they 
enjoyed the pleasures of their own fireside, cooked and ate their meals, and 
fashioned fiint nodules and bones into implements for war, for the chase, and 
for domestic usc''\ 

To the foregoing description of the Black Band and its locality, it mayl)e 
added that, even during very wet seasons, that part of the Cavern is very little 
exposed to drip from the roof. 

It may not bo out of place to state here that, in order to ascertain to what 
extent the light penetrating the entrance of the Cavern was available, one of 
the Superintendents of the exploration placed himself near the centre of the 
Black-Band area, and found that without any artificial light he could distinctly 
see to write a letter and to read ordinary piint. 

But whilst the Committee have seen no reason to abandon or to modify 
their interpretation of the Black Band, and whilst it has been generally ac- 
cepted by those who by personal inspection have made themselves familiar 
with the phenomena of the Cavern, they have found that by one very able 
and experienced observer it has been regarded with some amount of scepti- 
cism, on the ground that the smoke of a fire in the Cavern would cither suffo- 
cate or expel the inhabitants ; that, in short, the interpretation was incon- 
sistent, since it supposed the Cavern to have been inhabited under conditions 
wbicb would render it uninhabitable. 

To test the force of this objection, six large faggots of wood wore piled in a 
heap and set on fire, as nearly as possible on the centre of the area which the 
Black Band had occupied. The fii'e burnt brilliantly and throw out largo 
tongues of fiame, which licked the roof, whilst a party of five persons, without 
the least inconvenience from smoke or any other cause, sat on the rocky 
sides of the Cavern and watched the experiment. They were unanimous in 
the opinion that the objection that was thus put on its trial was utterly in- 
valid. It may be mentioned, too, that the temperature of the Cavern is per- 
manent, and stands by night and by day, in summer and iu winter, at about 
52° Fahr., or half a degree above the mean annual temperature of the district 
in which Kent’s Hole is situated. Hence it may be concluded that, unless 
the Blaek Band represents a period when the mean tomporaturo of South 
Devon was considerably below that which at present obtains, largo fires would 
not have been needed. Artificial heat would have boon required, not to make 
the Cavern tenantablo, but perhaps for culinary purposes only. 

Before quitting this subject, it may be stated that the smoko drifted to- 
wards the interior of the Cave, and that one of the party, who from time to 
time passed aU round the fire and to various distances from it, reported that 
in the narrower acljaccnt ramifications it was oppressive. 

Soon after the Meeting at Norwich in 1868, Mr. Boyd Dawkins, a member 
of the Committee, intimated his intention of visiting Torquay for the purpose 
of examining and naming the remains of the Cave-animals which had been 
coUeeted during the exploration. It has been stated in previous Eepoiis 
that, from the beginning, a separate box has been appropriated to the speci- 
mens found in each distinct yard ’’ of deposit, that is, in each parallolopiped 
of Cave-earth a yard in length and a foot in breadth and in depth, that 
with each set of specimens was packed a numbered label, and that the 
Secretary recorded in his daily Journal full information respecting the 
precise position of the objects thus numerically defined, as weU as the date on 
which they were exhumed. It may he added that, as soon as the specimens 


^ Eeport Brit. Assoc. 1867, p. S2. 
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V7GYB cleaned and packed, the boxes were stowed away in a room set apart 
for them, the door was locked, and the Secretary never parted with the key. 
It is obvious that the number of boxes of specimens waiting for examination 
was equal to the number of yards ” in which fossils have been found. On 
the 31st of December, 1868, this number was 3948 ; and though it is true 
that some of the boxes contained no more than a single bone, it is also true 
that in many of them there were upwards of a hundred ; hence it will be 
seen that the task Mr. Dawkins had before him possessed Herculean dimen- 
sions. When he began his examination, there must have been in store for 
him more than 50,000 bones ; and though many of them were unidentifiable 
chips merely, every one had to pass under review. 

In order that this gigantic labour might be somewhat facilitated, the Secre- 
tary commenced to unpack each box, and to write on every specimen it con- 
tained the number written on the accompanying label. While thus engaged, 
on the 24th of September, 1868, with the box labelled 1847, he found amongst 
its contents what appeared at first to be merely a very small bone, the greater 
part of which was covered with a film of stalagmite. On being touched, the 
investment fell off (a very common occurrence in the case of similar speci- 
mens after having been washed and dried), and the object proved to be a por- 
tion of a bone needle, having its point broken off but retaining its perfect 
and weU-formed eye. This part had been concealed and, happily, protected 
by the calcareous covering. The remnant is about *85 inch long and is 
slightly taper. Its section at right angles to its longest axis is subelliptical, 
resembling that of a modern bodldn raQier than that of a needle. Its greater 
diameter at the larger end is about *075 inch, and at the smaller *05 inch ; 
hence, assuming it to have been symmetrical in form and to have terminated 
in a point, its original length must have been 2*55 inches. There are nume- 
rous fine longitudinal strise on its surface, suggesting that it had been scraped 
into form. The Secretary’s daily journal shows that it was exhumed on the 
4th of December, 1866, and that it belonged to the Black Band beneath the 
Stalagmitic Floor. 

Since its discovery it has unfortunately been broken, the line of fracture 
passing through the eye. Before the accident it had been seen by several 
members of the Committee and by many other persons. The parts have been 
very carefully and firmly reunited. The eye was capable of carrying a thread 
about three-eightieths of an inch in diameter, or about the thickness of fine 
twine. 

On Kovemher 26th, 1868, while still engaged in preparing the specimens 
for Mr. Boyd Dawkins, the Secretary had the good fortune to detect, under 
precisely similar conditions, in the box labelled 2206, a bone “ harpoon ” or 
fish-spear barbed on one side only. When dug out of the deposit it was in 
two pieces, one of which was almost, and the other completely, encrusted 
with stalagmite. Indeed the latter was regarded as a pipe of stalactite, and 
as such was preserved. It is recorded in the Secretary’s journal that it was 
disinterred on the 7th of March, 1867, in the Yestibule, in the first or upper- 
most foot-level of Cave-earth, beneath the Black Band, which was 4 inches 
thick, and which was covered with a Stalagmitic Floor varying from 12 to 
20 inches in thickness, and that this, again, was overlaid with Black Mould 
containing pre-Boman and Eomano-British objects. 

The fact that remains of the extinct Cave-bear, Hysena, and Ehinoceros 
have been met with not only m the Stalagmitic Floor just mentioned, but 
quite at its upper surface, must he borne in mind when attempting to form 
an estimate of the chronology of the needle and ^‘harpoon” just described. 
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Besides the foregoing, there iras found during the preparatory examination, 
in the box numbered 2067, a canine of a Badger, the fang of which had been 
cut or otherwise reduced to a wedge-like foi'm, and perforated obliquely as if 
for the purpose of being strung, Ifc was exhumed on February 4th, 18G7, in 
the Vestibule in the second foot-level of Cavo~cartb, which is believed to 
have been intact; but as the overlying Stalagmite had been broken up a,nd 
removed by the earHcr explorers, the Superintendents do not feel perfect 
confidence in the trustworthiness of its position. 

The foregoing are the only objects of peculiar interest which have been re- 
cently detected among the specimens collected by the Committee, prior to the 
last Meeting of the Association, from the deposits beneath the Btalagmitic 
Floor. 

There have been found, however, two noteworthy objects, among those which 
had boon met with in the Black Mould overlying the Stalagmite, and w'hich, 
therefore, can have no pretensions to great antiquity. Tho first is a bone 
needle, by no means so elegantly designed or so highly finished as that just 
described. Its proportions also are such as to secure for it great strength, and 
to enable it to carry a thread or cord of considerable size. 

The second object is a ring, apparently of Kimmeridgc Coal, or some kin- 
dred substance. Tho diameter of the greater circle is upwards of an inch, 
and of the inner one about half an inch. The annulus is about -2 incli thick 
at its inner edge, and both surfaces are uniformly hovelled to a lino at the 
outer edge. Its breadth is not uniform, as tho circles are not concentric. 

Researches during the year 18(38-60. — During the year which has elapsed 
since the Meeting at Norwich in 1868, the Committee have, with very slight 
modifications to be noticed hereafter, conducted the excavation on tho method 
described in detail in their First Beport (Birmingham, 1805) ; the Superin- 
tendents have continued their daily visits to tho Cavern ; the Secretary has 
recorded in his daily journal such facts as have presented thomselvcs ; monthly 
Eepoits have been regularly forwarded to the Chairman of tho Committee ; tho 
workmen have continued to be interested in their work, which they have per- ^ 
formed with great zeal and integrity ; the interest felt by tho general public in 
the progress of the investigation has suffered no diminution; and tho arrange- 
ments for tho admission of visitors, which in previous years worked so satis- 
factorily fox all parties, have in all cases been carried out. 

Since the last lloport was sent in, the Superintendents huvo had tho plea- 
sure of showing the Cavern and explaining the operations to tho Queen of i.lio 
Netherlands and her suite, the Bight Honourable Sir Creoigo Clniy, tlio Bight 
Honourable John Bright, and several Membors of the British Association, 
including Sir W. Tito, Mr. G. Gxifath (Assistant General Secretary), Pro- 
fessor Tjmdall, Mr. W. A. Sanford, Mr. W. Fronde, Mr. J. E. Leo, Mr. S. 11. 
Pattison, and others. 

Mr. Everett, who is about to proceed to Borneo to explore some of the 
caverns in that island under the auspices of the Baja of Sarawak, recently 
spent two days (July 31st and August 2nd) in Kent’s Hole, accompanied by 
one of the Superintendents, for the purpose of studying the operations in de- 
tail. It may bo hoped that the BritiBh Association has in this way been able 
to render valuable aid to tho Committee who have undertaken the important 
work of cavern exploration in the far east. 

The Bouth^west Chamber . — In the Fourth Beport (1868) the Committee stated 
that thejj were occupied in excavating that portion of the Cavern termed the 
“ South-west Chamber,’^ which, so far as was then known, was the last or 
most south-westerly branch of the Eastern Series of Chambers and Galleries* 
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They added that the portion of the Chamher which they had reached was 
completely closed with an enormous accumulation of Stalagmite, so that it 
was not possible to form a correct estimate of the size of the apartment, that 
it was probably much larger th^in was then supposed, that the only bmown 
communication between the Eastern and the Western Divisions of the Cavern 
was the Yestibule at its opposite or north-eastern end, and that the Super- 
intendents inclined to* the opinion that a passage would he found opening out 
of the South-west Chamber, which would form a second channel of communi- 
cation between the two Divisions. Eespecting the deposits, the Fourth 
Deport stated that, in the eastern part of the Chamber, they were : — ^first, or 
uppermost, StaJagmitic Floor, commonly of granular structure ; second, the 
ordinary Cave-earth, with iinfc implements and the usual Cave-mammals ; 
tliird, an Old Floor of Stalagmite of great thickness, and of a peculiar crys- 
talline structure ; fourth, or lowest, a Dock-like Breccia, in which fragments 
of grit, not derivable from the Cavern hall, were abundant, and which, though 
replete with remains of the Cave -hear, had neither bones nor any other indi- 
cations of Hyaena, DhinoceroSa or other prevalent Cave-species. It was added 
that in proceeding westward the Cave-earth had thinned out and entirely 
disappeared, so that the two Stalagmites, between which was its proper place, 
rested one immediately on the other. 

Soon after that Deport was presented, the Committee found that a few feet 
beyond the point where they had lost the Cave-earth, it once more appeared 
in the section, occupying its accustomed position between the Stalagmites, 
resting on the Old crystalline mass, and overlaid with that which is granular 
and comparatively modem. It proved to be merely an insulated patch in 
’contact with the northern wall of the Chamber, along which it extended for 
a distance of 11 feet. Its maximum breadth was 6|* feet, and depth 32 inches. 
No sooner did it enter the section than it brought with it the characteristic 
flint and chert implements, teeth of hyaena, mammoth, and fox, and gnawed 
bones. 

Three of the implements deserve more than a brief mention, as they are 
very fine specimens, belong to different types, and can scarcely be said to be 
represented by any previously met with in the Cavern. 

The first (No. ^ colour on the surface, hut of 

an imdecided black within. In form it is a trapezoid closely approaching a 
rectangle, but having the angles somewhat rounded off*. It is about 4 inches 
ill length, inches in breadth, and *8 of an inch in greatest thickness. It 
is worked to an edge along the ontire margin, and has apparently seen some 
service as a scraper. With it were found a portion of a chert implement, a 
molar of bear, molar of hyaena, four other teeth, a gnawed bone, and several 
small fragments of bone. 

The second implement (No. 3918) is a beautifully white flint of porceUa- 
nous aspect. Its form is not easy to describe, but it may perhaps be said to 
be rudely subovoid. Its extreme length is about 3' 9 inches, breadth 2-5, 
and depth *7 inch. It is flat m one face, and from a point near the centre 
of the other side is unequally fined off to an edge all round the perimeter. 

The third (No. 3922) is of the same kind of flint as the second. Every 
part of its surface is elaborately chipped. It is flat on one side, uniformly 
rounded on the other, and worked to an edge all round its circumference. It 
may be described as a canoe-shaped implement, or a long, narrow, pointed, 

3912, the denominator, is the number of the box or series of specimens ; 1, the nume- 
rator, is the number of the specimen in the series j and so on in other cases.— W, P. 

1869. 0 
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nearly synLinetrical seniicllipsoid, the principal diameters of which are 4* / 
inches, 1*3 inch, and -6 inch. There were found with it several teeth of 
hysena, hear, and fox, and a small quartz crystal. 

The Cave-earth in which these specimens were found was completely scaled 
up with the ordinary overlying floor of stalagmite, which, though never 
quite a foot thick, was at its upper surface almost everywhere in contact 
with the limestone ceiling of the Chamber, and was nowhere separated from 
it by an interspace of more than 3 or 4 inches. 

The same sections, continued across the Chamber towards its southern 
wall, successively and uniformly showed that, beyond the patch just men- 
tioned, they contained no Cave-earth, but were made up of one undivided 
huge accumulation of Stalagmite, every accessible part of which apparently 
belonged to the Old crystalline Tloor, and rested on the Eock-like Breccia. 
The two, conjoined, not only filled the Chamber, but there was nothing to 
show that the Stalagmite did not extend ixinvards to the external surface of 
the hill. There was no trace of limestone visible ; and the workmen had to 
hew their way through txvo kinds of material, each more intractable than 
any ordinary rock, and manfully they addressed themselves to their pro- 
tracted toil, feeling some gratification in the fact that every inch they ad- 
vanced was so much added to what had boon previously supposed the entire 
extent of the Cavern. 

With some reluctance, it was decided to abandon the practice of breaking 
up the entire mass of Stalagmite. The men were directed to remove the 
lower or basal portion of it only, to excavate the underlying Breccia to the 
depth of five feet instead of four, which from the beginning to this time 
had been the invariable practice, to leave the upper and greater part of the 
Stalagmite intact overhead, and to cut a tunnel beneath it, laying bare 
the limestone waE of the Cavern on each side. 

The Stalagmite, as well as much of the Breccia, could only ho removed 
with the aid of gunpowder; and considerable care and judgment wore 
required in order that the remains of bear which both contained, and with 
which the latter was crowded, should be injured as little as possible. 

The Committee have remarked in previous Eoports that, on account of its 
comparatively loose texture, stalagmite is hlastod with great difficulty. All, 
however, that the workmen had previously oxporionoed in this w'‘ay was in- 
considerable in comparison with what they have encountered during the 
last twelve months. In addition to the usual difficxilties, ihoro were others 
arising from the existence of cavities in the mass, one of which had a ca- 
pacity of upwards of a cubic yard, into which the boring tool would unex- 
pectedly plunge to inform the men that their labour had been in vain. Not 
unfrequently a hole which had been bored with groat labour, and appeared 
to bo quite satisfactory, would prove to bo incapable of being fired on ac- 
count of its rapidly filling with water, which oozed through the Stalagmite 
as through a sponge. 

The Crypt of Dates , — The ’Western Division of the Cavern, no part of which 
has yet been explored by the Committee, bifurcates towards its south- 
western extremity, and, so far as is at present Imown, terminates in two ca- 
paeious chambers, termed the "^^Cave of Inscriptions’’ and the Bears’ 
Den.” From the north-east comer of the latter, there extends a narrow 
gallery between almost vertical limestone walls. The greater part of it was, 
from time immemorial, occupied by a pooler "‘Lake” of water about 20 
feet long, 8 feet broad, and of unknown depth. It was commpnly regarded 
as the end of the Cavern, and was separated from the Boars’ Den by a consi- 
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derable mound of Stalagmite. This Lake has called forth much speculation, 
Mr. Northmore believed the Cavern, of which he was the earliest explorer, 
to have been a temple of Mithras, and he spoke of the water as “ the bap- 
tismal lake of ^j)ellucid water ’ Others have occupied themselves with 
guesses respecting the source whence the Lake received its supply, and the 
mode by which it was kept from overflowing. Some held that it was fed 
by a small perennial spring; others that it was replenished by the drip 
from the roof only ; whilst a third party contended that there was neither 
waste nor supply, and that the water ebbed and flowed synchronously with 
the tides of the ocean. 

It is said that one adventurous visitor climbed along its northern or least 
precipitous side from one end to the other ; but, according to the current 
belief, those who gained the further end usually did so by swimming. 
They all arc said to have brought back the report that the Cavern extended 
“a very little way beyond the water’’ Mr. M^Enery, speaking of the 
water, says, the Cave beyond it deserves no particular notice ; Admiral 
Sartorius and others have swam across ”t* 

Erom the direction and length of the passages leading to them, it was 
obvious that the Bears’ Den and Lake could not be far removed from the 
South-west Chamber. In this opinion the Superintendents were confirmed 
by the fact that when, from time to time, they visited the Den during the 
progress of the excavation of the Chamber, they heard the sound of the work- 
men’s tools with great distinctness, and increasingly so as the work ad- 
vanced, until at length their voices were heard, and ultimately conversation 
could bo carried on, by moans of shouting, however, rather than talking. 
Einally, on removing the Modem granular Stalagmitic Floor in the north- 
west corner of the Chamber, where it was in contact with the limestone roof, 
a hole, about 3 inches across, and extending obliquely upwards, was dis- 
closed in the Hmestone, and it was observed that a current of air occa- 
sionally passed through it alternately in opposite directions. The workmen 
were fcected to enlarge the hole by breaking away the limestone, and to 
ascertain whither it led. As soon as it was of sufficient dimensions, the 
younger workman, John Farr, ascended through it, and after a short time 
returned, stating that from the hole he entered a somewhat tortuous pas- 
sage, having an easterly direction through the limestone, and so narrow and 
low that it could only he traversed by lying imostrate, and adopting a ver- 
micular motion ; that after a few feet he entered a longer jiassage in which it 
was possible to turn round and, in some places, to stand erect ; that this 
second passage had a north and south direction, extending both ways a few 
feet only beyond the point at which he had entered it ; that the inner or 
northern end was closed with stalagmite, on which he observed ‘‘ writing,” 
and that it terminated southward ou the end of the Lake most remote from 
the Bears’ Den. 

Farr’s report induced the other workman, George Smerdon, and one of the 
Superintendents, to follow bis steps, when they found Ms description to he cor- 
rect in all respects. It was farther observed that the floor of the longer or north 
and south passage was entirely composed of stalagmite, and was, in fact, the 
upper surface of the mass beneath wMch they had begun to tunnel, and the 
greater part of which, on account of its enormous tMckness and its intracta- 
bility, they had reluctantly decided to leave intact. At the inner end 
this floor rose in the form of a steep irregular talus, on which, as well as on 


* See Trans. Devon. Assoc. voL ii, p. 479-495 (1868). 
t Ibid. Yol. iii. p. 242 (1869). 
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the walls of the crypt, was the “ writing ’’ of which John Parr had spoken. 
This proved to be a series of initials and dates, amounting, probably, to up- 
wards of a hundred, inscribed on the Stalagmite. Amongst the dates arc 
those of 1744, 1728, 1702, and 1618. In several cases the scribes cut the 
figure of a square, and inscribed their initials within it. 

Inscriptions in more accessible parts of the Cavern have long been well 
known. The most famous is the following in the Cave of Inscriptions — 

Eobert Hedges of Ireland, Peb. 20, 1688,” which there is good reason to 
believe is really as old as it professes to be, thus rendering it not imimoba- 
ble that those discovered in the crypt are genuine also. 

In looking at those dates, it seems impossible to abstain from reflecting on 
the facts that they are cut on the upper surface of a mass of stalagmite up- 
wards of 12 feet thick, in a locality where the drip is unusually copious ; 
and that two and a half centuries have failed to precipitate an amount of 
calcareous matter sufficient to obliterate incisions which at first were proba- 
bly not more than an eighth of an inch in depth. 

It is scarcely necessary to observe that if the Stalagmite had been entirely 
broken np, as was at first intended, the inscriptions would have boon de- 
stroyed with it ; or that the discovery of them confirmed the decision to re- 
move no more of the nether surface of the floor than would suffice to give 
the workmen sufficient height for their labour. 

The Lake , — As the workmen advanced steadily towards the south-west, 
every step rendered it more and more probable that a passage would he laid 
open, leading out of the South-west Chamber in the precise direction of the 
Lake, and thus furnished an additional motive for tunnelling beneath the 
floor, in order that the Lake-basin might be preserved. 

The removal of tho Breccia, and of that part of the Stalagmite immediately 
above it, disclosed the fact, with which, indeed, the Superintendents were 
abeady familiar, that stalagmite is by no means impervious to water. In- 
creased proximity to the Lake rendered this not only more and more patent, 
but augmented the difficulty of blasting the mass, and caused tho labour to 
be one of great discomfort. It was therefore found necessary to tap tho 
Lake to allow the water to escape. As soon as it was sufficiently dry, the 
workmen were directed to remove and examine carefully such deposits as 
might be found lying on the Stalagmitic Floor of the basin. They proved to 
be, first, or uppermost, the Modern Floor of Stalagmite j second, the ordinary 
Cave-earth, beneath which was tho Old Crystalline Stalagmite of great 
thickness. 

The Stalagmitic Floor, overlying the Cavo-oarth, was from 10 to 12 inches 
thick. It was finely laminated, and was soil-stainod throughout ; but, ex- 
cept at the ends of the basin and along its northern side, whore portions of 
it remained in sitit in a coherent but brittle condition, it was everywhere 
resolved into an almost impalpable paste, which, on being subjected to hy- 
drochloric acid, rapidly effervesced and left very little residuum. A heap of 
this paste thrown outside tho Cavern has, on exposure to the weather, hard- 
need into a coherent mass. ■ * 

In this pulpy mass were found ‘numerous objects, none of which were of 
much interest, as the following list' shows : — 

1. Extemporized wooden candlesticks, such as are commonly used by 
those who visit the Cavern, 

2, Pieces of candle. 

8. Stems and bowls of clay tobacco-pipes, ono of the former being im* 
usually large. 
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4. Bottles of yarious kinds — ^wine, lemonade, and ginger-beer; some 
entire, but most of them broken. 

5. Wine and other glasses, all broken. 

6. Fragments of earthenware and china cups. 

7. ISTnmerous sticks and branches of trees ; many of them charred. 

8. A tin sconce. 

9. A small iron claw-hammer. 

10. The handle of a hammer, 

11. A clasp-knife, shut. 

12. A two-foot rule, closed. 

13. The plate of a child^s iron spade. 

14. A wooden ink-bottle (?). 

15. An oyster-shell. 

16. A pecten-shell, apparently nsed to hold some kind of paint. 

17. A wooden spatula. 

18. A wooden tally, haying the initials W. R. cut on it. 

19. A well-squared block of wood, above 5 inches long and broad, and 
2| inches thick. 

20. A wooden cover of a salting-pan, or of a small furnace. 

21. A portion of a stout iron chain, 44 inches long, consisting of twenty- 
four links and a swivel, and having a padlock at one end. 

22. ITumerous broken stalactites, pap-like stalagmites, pebbles, and blocks 
of limestone. 

Many of the objects (such as the candles, candlesticks, bottles, glasses, &c.) 
present no difficulty. They were, no doubt, thrown into the Lake in :&olic, 
or by those who did not care to carry them further after they had ceased to 
be of service. Others (such as the knife, foot-rule, hammer, &e.) were probably 
dropped unintentionally ; and the cover of a salting-pan or furnace, as weh as 
the block of wood, may have been used to float candles by the curious. 
It does not seem easy, however, to account for the chain. It is not an ob- 
ject likely to have been useful during visits to the Cavern, nor is it such as 
people commonly carry about with them. The pebbles were thrown in, 
perhaps, in order to the formation of an opinion respecting the depth of the 
water ; and the larger stones probably for the same purpose, or perhaps to 
be used as stepping-stones by those who desired to traverse the Lake. 

It is perhaps vrorthy of remark that there are no medieval or ancient 
objects; nor any such as might have been cast in as votive offerings by 
people who regarded the water vdth religious veneration. 

Mr. M^Enery seems to have believed that there were probably objects of 
interest in the Lake ; he says, “We onght to rake it out^’ 

In the underlying Cave-earth in the Lake there were found a fragment of 
an elephant’s jaw containing a perfect molar, the flnest specimen of the kind 
with which the labours of the Committee have been rewarded ; a molar of a 
horse ; several more or less perfect bones, including a humerus, an uhia, a 
scapula, and radii ; and a fragment of a largo hom-core. 

That the Lake was supplied with water by infiltrations through the roof 
exclusively there is now no manner of doubt, and that some portion of it 
oozed away through the Stalagmite composing the bottom of the basin is no 
less certain. The mechanism, however, which rendered it impossible for the 
Lake to be filled to overflowing was, on examination, very patent and interest- 
ing, In its left wall, which is almost naked limestone, there is a natxural tunnel 

* See Trans. Devon. Assoc, vol. iii, p. 242 (1869). 
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or watercourse about 30 inches high and 20 inches wide, the base of which, 
at its junction wdth the Lake, is 8 inches below the highest level to which 
the water could rise, and forms an ascensive inclined plane, having an intdi- 
uatioii of 3®, and a length of about 3-^ feet, beyond this ]>omt the inclina- 
tion is in the oi)posito direction, and is very much more rapid. Ih^ond a. dis- 
tance of IS feet its coui’so has not been traccul, hut it se<'ms to ramily in 
various directions through the Hmcstonc. At tlie common V(ni.<3K: of the two 
X)lanes, a diaphragm of stalagmite about 9 inches high and something more 
than 1 inch thick, extends quite across the tunned from Avail to Avail, having 
its ujjper edge sensibly horizontal, and IcaAdng above it a free open passage 
several inches high. It is obvious that whenever the Avater attained to this 
level the Lake Avas full, and that the surplus floAvcd over the diaphragm of 
stalagmite or natural weir. The fact that this regulated the raaximinu level of 
the water is confirmed by a corresponding and strongly marked liigh-Avatcr 
line along the entire hoxuidary of the Lake. It is equally twiclent ihat unless 
there had been some other means of escape, this lieighi., once reached, Avould 
have been permanent. Luring protracted droiighis, however, the Avater has 
been knoAvn to fall upAvards of 2 feet heloAV this levd — a fact accounted for 
by the slow oozing of the Avator through the Btalugmite. 

The entire circumference of the Lake, and especially ihc almost, vertical 
limestone Avail on the south, is tliickly studded Avith coralloiclal tuh(Tclcs of 
arragonito of various sizes, extending from the high-Avater to the low-Avatcr 
hno. Indeed, they occur quite to the bottom of the Lake, but are less 
abundant than in the zone just mentioned. 

Many parts of the Cavern present phenomena and problems of interest to 
the physicist as well as to the anthropologist and palsooniologist. Thus, to 
go no further than the Lake, there are : — fii’st, the facts that, at one period, 
the water entering tlirougli the limestone roof formed a floor by precipi- 
tating carbonate of lime, and that subsequently water, finding access through 
the same channel and lodging on this very floor, Avas capable of dissolving it 
and reducing it to a. mere paste, apparently as calcareous a.s Avhon it Avas in 
the coherent condition ; second, that during the Avork of destruci-ion, coral- 
loidal masses of arragonito were formed on the naked liinestono and Old 
stalagmiiic Avails, but chiefly on the former ; third, that; the Avator had sloAvly 
increased the capacity of the Lake, by building a Avoir of stalagmite entirely 
across the narroAV tunnel Avhich formed its principal miM , ; and, fourth, that 
had time been alloAA^ed, this latter process must ultimately have closed tho 
outlet and entirely changed tho drainage of the Lake. 

^ From the inscriptions in it, the number of persons Avho, from time to time, 
visited the Crypt of Dates, must have been A’Ciy great ; and avorj one of 
them must liaA’O taken the same route, namely, along the oni-ire length of 
the J^ake. ^ The earliest known mention of tho Avater is iha-t by FolAvhelo in 
1707, in his ‘ History of Devonshire’'^, when its condition appears to have 
been identical Avitli that in which tho Committee found it. Assuming it to 
have existed, and in the same state when tho inscriptions Avero cut, the 
scribes must have performed the journey by wading through it, by using a 
float, by oUmbing^ along its almost precipitous northern AAmll, or by swim- 
ming. The last is perhaps the most probable mode; but in either case 
they must have provided themselves with the requisite tools and with an 
adequate supply of candles. In some cases tho work appears to have oon- 
sximed a considerable amount of time. If, however, it is sui>posed that at 

* Tho ‘ History of Deroashire,’ C rob. 1707, Tol. i. pp. 50, 51. 
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least most of the inscriptions belong to the time -wheji the upper Stalagmitie 
Eloor of the Lake was yet nndissolved, much of the difficulty will disappear, as 
wading would then have been easy — ^the Stalagmite would have afforded firm 
footing, and the depth of the water would not have been very considerable, 
even if permanently at the overflowing level, and the weir had been as high 
as it is at present. 

The Water Gallery , — Having completed the excavation of the Lake, the 
workmen resumed their tunnelling operations in the recess or passage lead- 
ing out of the South-west Chamber in a south-westerly direction, and which, 
as had been anticipated, was found to extend beneath the floor of the 
basin and along its entire length. To this branch it is proposed to give the 
name of '^The AVater Gallery;" and probably no part of the Cavern sur- 
passes it in interest or importance. 

As might have been expected, the deposit it contained was made up of 
the same materials as everywhere else were found beneath the Old Eloor 
of crystalline Stalagmite — dark red earth ; angular, subangular, and rounded 
pieces of grit not derivable from the Cavern hill, but winch the neighbour- 
ing and loftier Lincombe and Warberry hills can supply ; angular pieces of 
limestone, and pieces of stalagmite (some of them of great size), which, of 
course, were remnants of a floor more ancient still than the Old crystalline 
Eloor which lay above the Breccia and below the Cave-earth. The points in 
which the Breccia diflered from the Cave-earth were the darker colour of 
the red soil forming its staple and the much greater prevalence of Jhagments 
of grit. By the latter character alone it is very easy to distinguish the ma- 
terials of the two deposits when thrown into the huge mass of refuse which 
the workmen have lodged outside the Cavern, especially after exposure to a 
shower of rain. Many of the pieces of grit, both angular and rounded, 
were of a very dark colour, and some of them had a polished metallic aspect, 
somewhat like that of a black-leaded hearthstone. The removal of the 
smallest splinter, however, showed that both colour and polish were su- 
perficial. 

Along a considerable part of the length and breadth of the Water Gallery 
the Breccia, instead of being in contact with the nether surface of the Sta- 
lagmitic Eloor which formed the bottom of the Lake, was separated from it by 
a vacuous interspace, sometimes 14 inches 'deep. It may be described as a 
rudely lenticular space, as it was of greatest depth in the middle, and, if 
the phrase is allowable, thinned off in every direction. A correct idea of 
the complete insulation of this vacuity may be conveyed by stating that if 
any animal, however small, could have become its occupant it would have 
been a permanent prisoner unless it could have excavated for itself a passage 
by which to escape. 

Here and there, moreover, the vacuity was interrupted by what may be 
called outliers ’’ of Breccia, which reached, and were firmly adherent to 
the Stalagmite above. In every other part, the ceiling, or lower surface of 
the Stalagmite, retained traces of the deposit which had once been in con- 
tact with it, and on which, indeed, it had been formed. To it there chmg 
angular and rounded pieces of rock, blocks of Older ” Stalagmite, and bones, 
teeth, and almost entire sknlls of the Bear ; whilst between them, in the 
ceiling, were the cavities once filled by similar objects, but which had fallen 
out and were found on the surface of the Breccia beneath. Erom the ceil- 
ing, too, there shot downwards numerots thin pipes of stalactite, of the 
thickness and colour of goose-quills, some of which reached the Breccia. 
The surface of the latter deposit beneath was here and there covered with 
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patches of modem stalagmite^ occasionally incorporating pipes of stalactite^ 
such as have been just mentioned, which by some means had boon broken 
off. In fact a modern floor was in process of formation, vertically beneath 
the old one, by the agency of 'water filtering throixgh the latter, and carry- 
ing with it the requisite calcareous matter. 

As nothing would have been gained by their removal, the objccis just 
described are left adhering to the ceiling — a fact wdiich induces visitors to 
regard the Water Gallery as the most attractive branch of the Cavern. 

All that portion of the Breccia which was not more than about a foot 
from its upper surface, and about a yard from the south wall of the Gallery, 
was invariably cemented into a firm rock-lilco concrete, but at all lower 
levels, and at greater distances from the south wall, it w^as perfectly in- 
coherent. Where it was cemented it was crowded with fossils, but whore it 
was not, there wore none. The former was its almost uniform condition in 
the adjacent South-west Chamber and Lecture Hall, whore its fossils formed 
a very large percentage of the entire mass. 

The problem of the severance of the Breccia from the Si-alagmito closely 
occupied the attention of the Superintendents whilst the excavation of the 
Water Gallery was in progress. There appear, d priori , to bo throe possi- 
ble solutions, — first, that a stream of water had insinuated itsedf between 
the deposit and the fioor, and had carried off the detritus which once filled 
the interspace ; second, that, through failure of support at the base, the 
Breccia had sunk away from the Stdagmite to a slightly lower level ; and, 
third, that water passing slowly through the floor had carried the finer 
particles of the detritus from the top of the Breccia to lower levels, lodging 
a portion of them in such interstices as it encountered, and perhaps carrying 
off the residue as colouring-matter. 

The first is met by the fatal objection that there is no channel, largo or 
small, either of ingress or egress, for the h3q)oihetical stream, or the matter 
it is supposed to have removed. 

Since the vacuity was both partial and discontinuous, tho second sug- 
gested solution requires that tho supposed failure at tho base should have 
had tho same characters, and hence that tho Breccia should have been 
faulted. To this latter point the closest attention was given from first to 
last, and no trace of anything like a fault was over detected. 

The third hypothesis presupposes that both tho Stalagmite and tho Breccia 
are permeable by water. On neither of these points is there any doxibt. 
Water has been seen oozing through this very Stalagmite, and it is w^oll 
known that pools which in wot weather arc formed on the Breccia dis- 
appear in a short time on the cessation of tho drip. Indeed, when tho Lake 
was tapped, the water was led to a depression in the surface of tho Breccia 
in tho South-west Chamber, and in less than a week tho greater part of 
it had disappeared. There seems to belittle doubt that tho third is tho true 
solution of the problem of the severance in the Water Gallery. 

The animal remains foxmd in that branch of tho Cavern at present under 
notice were, so far as is known, exclusively those of Bear ; and many of 
them are fine specimens, including some splendid canines and molars. 
Many of the bones 'were found broken, and some of them had been certainly 
fractured where they lay, as the parts remained in juxtaposition and, indeed, 
are reunited by some natural cement. When first exhumed, many of them 
were so soft that in cleaning them it was found that a soft brush left its 
traces on their surfaces. Exposure to the air hardens them. Some of tho 
canines have obviously seen considerable service. Many of the molars are 
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beautifully white and fresh, and it is rarely possible to detect any eTidonce 
of wear on them. This latter fact was noticed by Mr. M'Enery when 
speahing of the Bears’ molars found in a similar deposit in the adjacent 
Boars’ JDon ; and was supposed by him to intimate that the Bears of those 
days were less exclusively frugivorous than the modern species, and lived 
partly on flesh ” 

In their Pourth Eeport, the Committee, speaking of the deposit under the 
Old crystalline Stalagmite, remarked, ‘‘ Up to this time the Eock-like Breccia 
has been utterly sEent on the question of the existence of Man ; it has given 
up no tools or chips of flint or bone, no charred w’'ood or bones, no bones 
split longitudinally, no stones suggesting that they had been used as ham- 
mers or crushers. But whilst they have before them the lessons so empha- 
tically taught by their exploration of the Cavern, the Committee cannot but 
think that it would be premature to draw at present any inference from this 
negative fact ” t* 

The cautiousness inculcated in this passage received its justification on 
March 5, 1869, when a flint flake (ISTo. 3991) was discovered in the Breccia 
in question in the "Water Gallerj’’. The particulars of this discovery wore 
forwarded to Sir Charles Lyell, Chairman of the Committee, by the Super- 
intendents, in the following passage in their Monthly Eeport, dated April 8, 
1869 : — It was found with portions of the teeth of the Cave-bear, Ipng 
on a loose block of limestone, in contact with the north wall of the Gallery, 
in the third foot-level ; that is, from 2 to 3 feet below the surface of the 
Breccia. A section at right angles to its longest axis would be a scalene 
triangle. The face of the flake represented by the smallest side is the 
natural surface of the flint nodule from which the specimen was struck. 
It required no more than three or, at most, four blows to produce it. On its 
larger face the bulb of percussion is well pronounced. It is partially coated 
with a thin ferruginous film, occasionally dendritic, and resembling that 
which ..... commonly coats the pebbles found in the Breccia. Beneath 
this partial envelope it is of a light buff-colour. Its aspect is unlike that of 
any implements or flakes found in the Cave-earth. None of its edges can 
be said to be keen, yet it does not appear to have been rolled. One well- 
rolled small flint peh&e occurred in the Breccia in the Gallery. 

“Though the flake cannot be regarded as specimen, we think there 
is little or no doubt that it was formed by human agency, and assuming 
this to be the case, it appears to us to be of very great value, as it 
was found in a deposit not only older than the ordinary implement-bearing 
Cave-earth, hut separated from it by the Old Ploor, which in some cases was 
upwards of 12 feet thick, and which is certainly of great thickness imme- 
diately above the spot where the flake lay. In fact, it was found in a 
deposit which, so far as the Cave evidence goes, was laid down before the 
introduction of that in which were entombed the first traces of the Cave- 
hyaena, Cave-lion, Mammoth, and their contemporaries. 

“ Being impressed with the probably great importance of the discovery, we 
carefully addressed ourselves to the question, ‘ Did the flake originally belong 
to the comparatively modem Cave-earth in the Lake above and find its way 
through some crevice in the Old Floor which forms the ceiling of the Gallery? ’ 
To this important question we are prepared to give a negative reply ; for — 

“ 1st. No crevice or hole of any kind is discoverable in either the upper or 
lower surface of the ceiling or Old Floor* 

^ See Trans. Devon. Assoc, vol. Hi. p. 366 (1869), 
t Brit. Assoc. Report, 1868, p. 64. 



202 


REPORT 1869. 


“ 2ud. The flake was not found vertically beneath any part of the Lake, but 
fully a yard beyond its nearest margin. 

3rd. It did not lie on tlio surface of the deposit, but from 2 3 foot be- 

neath it. 

4th. If the flake was originally lodged in the Cave-earth found in the Jiako, 
it must have been the only one deposited there ; for wJieu we cnriifully and 
completely emptied the Lake no flint implement was met with. 

5th. If the flako liad found its way tlirough iihe Stalagmite, it might have 
been expected that some such bones as were found iu the Lake (Horse and 
Mammoth, for example) would have descended through the same crevice ; but 
instead of this, the remains of the Cave-boar alone are mot witli in the 
Ifroccia, and tooth of this animal were found in contact with the flako itself. 

111 short, there is no crevice through which the object could have passed ; 
if it descended through the floor, it descended alone ; and if it did so de- 
scend, it ought not to have been where it was found. Wo have no hesita- 
tion in stating that the flako is of the same age as the IJreceia wdiich con- 
tained it ; and that if our opinion of its human origin is continned, it is 
anthropologically by far tho most important object the Cavern has yi(ddcd.’’ 

On Juno 3rcl, 1869, tbc flake was submitted to Mr. lolni Hvans, IMi.S., a 
Member of tho Committee. He drew up the following statement, with tho 
intention that it should bo inserted in tho present Keport No. 3991 is 
undoubtedly of human workmanship. It is a flako of flint from the Chalk, 
one of tho smaller facets of wdiich shows tho natural crust of the nodule from 
which it was struck. The otlior oxtoriial facet shows the characteristic de- 
pression arising from tho bulb of percussion on tlie flake previously removed 
to form this facet. Tho flat or internal face of tho flako shows a well-deve- 
loped bulb, and tho largo but-ond where the blow was struck has boon 
fashioned by two or three blows. It has therefore taken four or five blows, 
each administered with a purpose in view, to produce this instrument. 

Not only, however, has it boon artificially made, but it carries upon it 
evidence of having boon in nso as a tool ^ for the edge produced by tho inter- 
section of the two principal artificial faces is worn away along its entire 
length, and exhibits the slightly jagged appearance produced by tho breaking 
ofi of tho sharp edge, such as 1 find by oxporienco to result from scraping 
bone or other hard substances with tho edge of a flint fluke* 

“(Signed) John Evans, Juno 3, 1809*’’ 

hesidos the above, a small perfectly angular piece of coarse-grainod white 
flint (No. 4037u) was discovered in tlio first foot-lovcl of tho Breccia in tho 
Water Gallery on Eriday, April 23, 1869. It has all tho asp(H}t of having 
been struck ofl:* in making an implomont. 

Having ascertained by carofnl mcasnromciits that a very few foot would 
take tho workmen into tho Bears’ Den, it was decided to excavate tho Water 
Gallery no fuither, as it was deemed nndcsirablo to commence tho investiga- 
tion of theWestern Division of tho Cavern so long as any branch of tho Eastern 
Division remained unexplored. 

The South Balhj^Port, — Two long, comparatively narrow, and approxi- 
mately parallel galleries extend in a south-easterly direction into tho eastern 
Wall of the Eastern Division of the Cavern, one from the Great Chamber, tho 
other from the Lectnre Hall. They were termed “ The SaUy-Forts ” by Mr* 
M'Enery, who believed that they ultimately led to external openings in the 
eastern side of th^ Cavern hill. On the discontinuation of the excavation of 
the Water Gallery, the exploration of the South Sally-Port, opening out of 
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tho Lecture Hall, was commenced, and at present has been completed to up- 
wards of 40 feet from the entrance. 

Tor tho first 15 feet there was tho ordinary granular Stalagmifcic Ploor over- 
lying tho typical (Jave-earth, but bcjmnd that point there was no stalagmite, 
except a thin and very limited patch in one or two places. At the junction 
with tho Lecture Hall the floor was 21 inches thick, but it became rapidly 
thinner as it extended inwai'd ; and for some feet it did not exceed an inch 
in thickness. 

Ho part of the Cavern is at present less than this exposed to drip. It may not 
bo out of placo to state here, as a fact of, at least, largo generality, and to which 
there is no known exception, that in those branches of the Cavern where the 
drip is at present very copious the Stalagmitic Eloor is of great thickness ; 
and where the drip is but little, there is cither no floor or an extremely thin 
one ; that, in short, the present amount of drip in any locality affords a good' 
index of the thickness of the floor there, so that tho external drainage of the 
Cavern hill appears to have undergone no change for a very lengthened 
period. 

The South Sally-Port presented phenomena having no parallel in the ex- 
perience of tho Committee during the present exploration, but for which Mr. 
M‘Enery’s “ Cavern Eosearches ” had prepared them. Speaking of the Sally- 
Ports, or Long Tongues,” ho says, ‘‘their entire area is honeycombed with 
fox-holes, and the loam thrown np in mounds round their edges is mixed 
with scales of the beetle, modern and fossil bones, all of which, as well as 
the rooky contents, resembled bleached or calcined substances exposed on a 
common.” Indeed his description of the South Sally Port is not very en- 
couraging. He says, In attempting to reach the extremity of the lower 
tongue at a point where it suddenly expands into a large grotto, the hollow 
floor gave way like a pitfall with my weight and sank into a cleft of the rock. 
I shall not dissemble my terror at my sudden descent. My efforts to escape 
would but cause the ground to sink still deeper and deeper into deeper 
abysses. 

“ ‘ At subito se aperire solum vastosque recessus 
Pauclere sub pedibus nigraquo voragine laucas.* 

“ The crash routed some animals from their subterranean abodes. I heard 
them forcing their escape tow^ards the ontside through tho incumbent earth, 
and perceived their footmarks. The hounds frequently assemble outside 
about this point, and frequently earth foxes there ” 

Happily none of tho present exploring party have experienced any incon- 
venience during their researches ; hut they are constantly meeting with tun- 
nels in the Cave-earth, probably made by some burrowing animals, with 
ancient and modem hones commingled both on the surface and at all depths 
below it, with great clusters of the wing-cases of beetles exclusively on 
or very near the surface ; and they have had impressed on them daily the 
important but familiar truth that unless sealed up with a Stalagmitic Floor, 
Cavern deposits are just as likely to he fraught with anachronisms as with a 
trustworthy chronological sequence. 

During tho present month (August 1869) one of the Superintendents has 
had occasion to pass frequently through “ The Labyrinth,” a branch of the 
Western Division of the Cavern. As he entered it on the 6th he observed 
some fresh Cave-earth lying on the floor where there was no stalagmite, and 
ho directed the attentiuu of the workmen to it. They had ail passed along 

^ See Trans. Devon, Assoc. toI. iii. p, 302 (1869). 
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the same route the day before^ and they ■were all satisfied that the earth was 
not there then. On examination it was found to have been thrown out ol a 
newly made hole, in all respects resembling those made by rats, and extend- 
ing from the edge of a slab of limestone obliquely through the Cave-earth 
beneath^*. 

In the South Sally-Port, the Black Mould, which in most of the other 
branches of the Cavern was found continuously overlying the Btala^itic Ploor, 
did not extend many feet within the entrance. Beyond the point at whicli 
the Stalagmite ended, the entire deposit was Cave- earth froin top to bottom 
of the section, and in all probability every part of it had been introduced be- 
fore the formation of the calcareous floor began. In previous Eejiorts the Com- 
mittee have recorded the fact that in the Stalagmite itself are lodged remains 
of the Cave-bear, Hysena, and llhinoccros. Indeed the only fossil found in 
the scanty floor in that branch of the Cavern now under consideration was a 
tooth of the last-named species, which is not only in quite the upper part of 
the stalagmitic sheet, but, instead of being comxdetoly covered, projected 
above its surface. Obviously, then, ITrsiis sjjehms, Ilym^a spekm, andii/mio- 
cm'os tichorhinus outlived the era of the Cave-earth, and therefore it would 
not he surprising if their remains, together with palooolithic flint implements, 
were fonnd lying on the surface of this deposit ; nor, if they were loft unpro- 
tected, would there be anything inexplicable or strange if they wore found 
mixed with objects belonging to more recent periods, or oven to the present 
day. Such a commingling might or might not bo the result of disturbance 
and rearrangement when occurring on the surface, but could not bo olhorwiso 
explained when mot with below it. 

Be this as it may, it is undeniably the fact that in this, but in no other 
branch of the Cavern which the Committee have explored, ancient and modern 
bones, and unpolished flint implements and rude pottery, have boon found 
lying together. Eemains of the extinct brute inhabitants of Devonshire arc 
mixed confusedly with those of the present day, and the handiwork of the 
human contemporary of the Mammoth is foxind inosculating with the product 
of the potter’s wheel. 

It is worthy of remark that whilst potsherds lie on the surface, and the 
mouths of shafts, connected with the tunnels or burrows, stand open to 
receive them, instances of their having fallen in are oxtromoly rare. The 
modern objects found in the body of the Cave-earth ai*o almost without excep- 
tion such as have been actually taken in by the recent animals which made 
their homos there. 

In a sensibly horizontal tunnel about the size of a fox-oarth, at a depth of 
4 feet below the surface, there was found a bell, such as huntsmen are wont 
to suspend to the neck of a terrier when sent in after a fox — a fact which in 
all probability explains its presence in the spot it occupied. 

In other and smaller burrows bundles of moss, each about the size of a 
man’s fist, have been met with and supposed to bo tho nest of some animal. 

Compared with the phenomena of every other branch of the Cavern ex- 
plored by the Committee, those of this Sally-Port aro no doubt anomalous ; 

^ The visits of rats to the Cavern and their habit of carrying off candles have long been 
well blown. In January 1867 the workmen observed a rat in the Cavern on several suc- 
cessive^ days. At length he made his presence felt in a very disagreeable manner. At 0 a.m. 
the principal workman placed his dinner, carefully lodged in a bag, in a stout wicker basket. 
At the dinner-hour (1 p.in.) he found that the rat had eaten a hole through the basket, 
another through to bag, and carried off every particle of his meal. Poisoned food was at 
once prepared for the intruder, and nothing farther was seen of him until a few days after 
his dead body was found. 



ON KENrS CAVERN, DEVONSHIRE. 


205 


but regard being had to tho condition of the deposit in which they occur, they 
arc certainly such as might have been looked for, and they present no diffi- 
culty whatever. 

Notwithstanding tho obvious disturbance of the Cave-earth, the same me- 
thod of exploration has been followed here as elsewhere ; and the specimens 
found in each level and yard ’’ have been kept apart in separate boxes 
as heretofore. 

Scarcely any branch of the Cavern has surpassed this Sally-Port in the 
number of tho fossils it has yielded, and in no part have finer or more per- 
fect specimens been found. They are the remains of all the common Cave- 
mammals, with a greater number of the teeth of the Mammoth than have 
been met with hy the Committee within an equal space elsewhere. The 
bones are generally of less specific gravity, softer, and more brittle than those 
found in the Cave-earth in other branches of the Cavern — a fact perhaps asen- 
bable to tho absence of a calcareous drip. Many of them are gnawed, some 
have entirely escaped this ordeal, and a few have marks on their surfaces 
apparently unlike those produced by teeth. Most of them on being cleaned 
retain impressions of the brush used for that purpose. The surfaces of seve- 
ral are more or less covered with rudely circular punctures of various sizes — a 
fact observed occasionally in those found elsewhere, but much less frequently 
than in these in this branch of the Cavern, Lumps of faecal matter__are by 
no means rare. 

The flint and chert implements and flakes are ten in number, three of which 
were met with on the surface, one in the first foot-level, three in the second, 
two in the third, and one the position of which is somewhat uncertain. 

Four of them only need description. The first (No. 4155 ) is a splendid 
heart-shaped chert implement. It was found June 12, 1869, lying on the 
surface of the Cave-earth, beneath an overhanging ledge of limestone which 
it almost touched, on the west side of the Sally-Port. It was wrought from 
a chert nodule apparently selected from the snpracretaceons gravel of Milber 
Down between Torquay and Newton Abbot. It is about 4| inches long, 3 
inches in greatest breadth, and 1| inch thick at inch from its broad 
end. The but-end only retains the original surface of the nodule. It is the 
only implement of the kind found hy the Committee, and none of those figured 
by Mr. M^Enery at all resemble it. 

The second (No. 4259) is of fine-grained silvery grey flint. It is symme- 
trically canoe-shaped, 3*6 inches long, 1*2 inch broad, and *4 inch in greatest 
thickness. It is flat on one side, somewhat rounded on the other, worked to 
an edge aU round the margin, and considerably chipped on both surfaces. It 
belongs to the same type as the implement (No. 3922) previously described, 
but is much less rounded on the outer surface. It was found on the Cave- 
earth, July 5, 1869. 

The third (No. 4268) is formed of rather coarse white cherty flint. It is 
flat on the inner surface, carinated on the outer, and is not highly finished. 
It is about 4 inches long, 1*3 inch broad, *6 inch in greatest thickness, and 
was found July 6, 1869, 2 feet deep iu the deposit. 

The fourth is strongly carinated on the outer surface ; the inner is very 
concave longitudinally, and slightly convex transversely. It is 3*4 inches 
long, 1*2 inch broad, and *5 inch where thickest. It is chiefly remarkable 
from having a square tang at one end, *8 inch long and *6 inch broad, as if 
for fastening into a haft. Its opposite end is rounded, it is fined off to an 
edge all round, audit appears to have been used as a scraper. It was found 
August 5, 1869, 40 feet from the entrance of the Sally-Port, in a small mass 
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of CavG-cartli whioli, "witlioiit boing observed, had slipped off the face of the 
section ; hence its exact position is nnccrtain. 

Charcoal has been found somewhat plentifully on the surface, whore a few 
burnt bones occurred with it. It has also been mot with at all depths in the 
deposit, though in no great (piautity. 

A few marine shells of common species wore mot with on the surface. 

The fragments of pottery differ in colour and in linislx, and probably belong 
to more than one period. Two or three of them are rather longer than those 
commonly found in the Cavern. 

During the last twelve months Mr. Boyd Dawkins, assisi-ed by Mr, Ay sh ford 
Sanford, has made considerable progress in identifying and naming the fos- 
sils. Ho has prepared and sent in a Catalogue of a large number of speci- 
mens, accompanied by the following Beport. 


In the determination of the following animals from KeiiCs Hole Cavern T 
have been aided by my friend Mr. Ayshford Sanford. By far the greater 
portion of the labour has been undergone ])y him. Wo have examined up- 
wards of four thousand specimens, or rather loss than onc-tenih of the whole 
accumulation of the remains in the hands of the Committee, No bones of 
birds or fish have been catalogued ; the latter Dr. Giinthcr lias kindly under- 
taken to name before our Eeport is concluded. The results of our work are 
contained in the following catalogue. 

Homo . — We have mot with no bones or teeth from the Cavo-carth that can 
be ascribed undoubtedly to man. One or two much-worn or mutilated inci- 
sors, however, may be human, but they may also belong to several other ani- 
mals. The human remains from the prehistoric deposit of Black Mould are 
exceedingly abundant, and many of thorn, in Mr. Sanford’s opinion, bear 
evidence of the former existence of cannibals in the Cave. Some of thorn 
have been cut and scraped by sharp instruments, the marrow-bones are 
broken, and are mixed indiscriminately with the broken bones of Bhcop or 
Groat, lied Deer, Bos lonffifrom, and other animals. In one box there arc tho 
remains of at least three individuals — a largo man, a nearly full-grown woman 
or lad, and a child about half-grown. 

Man has also loft his handiwork on some very remarkable fragments of 
canines of Bear from the Cave-earth, which, in conamon with many other 
splinters of bone, are in a totally different mineral condition to that presontod 
by tho ordinary Cave-remains. They are much more crystalline, much 
heavier, and of a darker colour than the ordinary teeth and bones, and have 
been so mineralized that they present a fracture almost conohoidal, and 
strongly resembling that of a Greensand chert. Guo of these had been 
fashioned into a flake, and one of its surfaces presented tho usual traces of 
use. It had manifestly been formed after it had lost its normal dentinal 
texture. It is clear, therefore, that they had become fossilized before the in- 
troduction of the present Cave-earth. Yiewed in connexion with the evi- 
dence of the existence of an ancient floor that is now represented by masses 
of stalagmite, sometimes ossiferous, we' cannot resist tho idea that they are 
samples of the contents of the Cave which had in the main disappeared before 
the introduotion of the present Cave-earth, 

B*elis $^dma , — ^OChe Cave-lion is tolerably abundant in the Cave-earth. 

FetiSf sp.? — A single canine from the Cave-earth indicates an animal of 
the size ox Lyn^c c^rvana, 
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lumbar vertebra from the Cave-oartb corresponds in size 
with that of the Wild Oat. 

J fytma spelim . — The Cavc-hymua is very abundant in the Cave-earth. 

Cams lupus. — The Wolf, on the other hand, is comparatively rare. 

Oanis domesticiis. — The remains of the Bog are sparingly met with in the 
Bliick Mould, and indicate the presence of more than one variety. 

Oanis mdpes. — The Common Box is found in the Black Mould, and S2mringly 
in the older subjacent deposit. 

Cams vulpes (var. Yulpine bones, on the other hand, from 

the Stalagmite and Cave-earth indicate an animal larger and stouter than 
the English Box. These are not found in the Black Mould. 

Ca 7 vis (size of 0 . isatis ). — With the larger bones there are a few much 
smaller than those of the Common Box, that correspond most closely with 
those of C. isatis. The vulpine skulls, however, in the Taunton Museum, 
from the Mendip Caves, rather indicate a species closely related to C. isatis 
than a specific identity, since the true molars arc somewhat broader. It is 
well to mention that Mr. Sanford has identified a portion of a skull found 
along with the remains of Hycena, in a cave on the opposite side of Torbay, 
as belonging to Oanis isatis. 

Gulo Imcus. — A single os innominatum of a nearly full-grown Glutton in- 
dicates the presence of this rare mammal in the Cave-earth. Although it be- 
longed to an animal not quite adult, it agrees almost exactly in size with that 
of a fuUy grown male from Sweden, 

Moles toms. — ^The remains of the Badger are abundant in the prehistoric 
Black Mould, rare in the Cave-earth. In the latter case we doubt the truly 
fossil condition of the bones. 

Ursm spelasus. — The bones and teeth of the Cave-bear from the Cave-earth 
indicate greater variation of size than those of any other wild animal mth 
which we are acquainted. 

Unus prisms^feroos. — ^This species, which has been proved by Mr. Busk 
to be undistinguishable from those of the I^’orth-American Grizzly Bear, 
occurs abundantly in the Cave-earth, as it does also in the caves of the 
Mendip Hills. The short stout bones of U. speJeens are re|>resented by fiatter, 
longer bones of U.feroos, that are for the most part distinct from the rounder 
bones of tJ, aretos. We therefore have attributed the isolated fiat long bones 
to the second of these species. Bones of intermediate form, however, occur 
which appear to connect the two forms. They are more constant in size than 
those of the other two boars. 

Ursus aretos. — Teeth and bones of the Brown Bear, stiU living in Europe, 
occur, but not very commonly, in the Cave-earth. Some of those from Sie 
Black Mould are evidently derived from the lower and older beds ; but others, 
from their condition, apparently belong to animals that lived at the same 
time as Bos hngifrons and the Sheep or Goat of the Black Mould. 

Meplias primigenius. — The Mammoth is hut sparingly met wuth in the 
CaVe-earth. 

BMnoeem ticlwrMmts. — The remains of the WooUy Ehinoeeros are 
abundant in the Cave-earth. 

Eguus cahaUus. — ^The Horse is the most abundant fossil in the Cave-earth. 
Many of the teeth are more or less pHcident, hut we are unable to draw 
any sharp line separating the Eqims plicidens of Prof. Owen from the re- 
cent species. They present almost endless variations in this respect, and 
were apparenly in a state of transition from the 2>licident to the common 
type in the postglacial times. 
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Bos py-lmigenius—Tha liras exists somowlmt sparingly in the Cave-earth. 

Bison prisms . — The Bison, on the contrary, is much more common in the 
same deposit. 

Bos longifrons . — Bones and teeth of the Celtic Shorthorn occur in the 
Black Mould. The small bones in the Cave-earth belong to the preceding 
species. 

Gervus megaesros . — The Irish Elk is not uncommon in the Cayo-carth. 

Cervus elapJms (==StrongylocGros spelceus, OvrensmC. destre7mi, Serres). — 
We have come to the conclusion that the Bed Door was more variable in size 
during the postglacial period than at the present day. Some teeth are not 
larger than those of a small hind from the Hebrides, while others surpass in 
size those of the largest Haddon or Horner Hart. Some even almost rival 
those of the smaller specimens of the Irish Elk. The animal occurs both in 
the superficial Black Mould and in the Cave-earth. 

Gervus tarandus . — The Eeindoer is abundant in the Cave-earth. 

Gervus mpreolus . — We have met with the Eoedeer only in tho Black 
Mould ; it was evidently a common article of food. 

Ov'ls dries, Capra Mrcus . — The Sheep and tho Goat are abundant in the 
Black Mould. 

Bus scrofa . — ^The Pig occurs in tho Black Mould only ; it is small in size, 
and was evidently an article of food. 

Lepxis timidus . — Tho remains of the common Haro are abundant in tho Black 
Mould, but are rare in the Cave-earth and Stalagmite. In those deposits 
they are for the most part replaced by larger and stouter bones, ^?hich may 
perhaps be referred to Lepus diluvianus of tho Ercnch naturalists. These 
stout bones are very rare in the Black Mould. 

Lepus cnniculus . — Bonos of tho Rabbit are abundant in tho Black Mould ; 
a single bone has occurred apparently from tho Modern Stalagmite, but none 
from the Cave-earth. 

Lagomys spelceus . — We have met in the Cave-earth with a lower jaw of 
the Cave Pika. It is rather smaller than the typo, and is closely related to 
that of Lagomys pusillus. 

Arvicola ampliihius . — Tho Water-rat, or one of the closely allied varieties, 
we have mot with, but not abundantly, in tho Cave-earth nnd Black Mould. 

Aryicola There are one or two specimens from tho Cave-earth 

of this species that show the same variation in the direction of A. ruUkeps 
which Mr, Sanford has remarked in jaws from tho Mondip Caves. 

Arvicola glareolcc (=zA. pratensis ). — ^Wo have met with a single lower 
jaw from the Cave-earth. 

Arvicola Gidielmi . — ^This now species of Yole, discovered lately by Mr. 
Sanford in the caves of Mendip, is represented by a jaw from tho Cave-earth. 
It may be recognized by its uniting a size which nearly approaches that of 
A. ampliihius to the dentition of A. suhterrmeus. 

Castor fiber , — ^We have met with five specimens of the Beaver from the 
Cave-earth, 

Fkomna communis . — A solitary scapula of this cetacean has been fur- 
nished by the Black Mould. 

In this list we have merely noticed the species that have passed through 
our hands, without reference to the previously published list of animals from 
the Cave. 
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Report of the Committee on the Connexion between Chemical Con- 
stitution and Physiological Actmi. The Committee consists of Dr. 
A. Crum BroavN; Dr. T. Fraser^ andDv. J. H. Balfour^ F.R,S. 
The investigations were conducted and the Report prepared by Drs. 
A. Crum Brown and T. R. Fraser. 

Drs. Eeown and Fraser communicated to tlie Section, at tlie T^oiwick 
Meeting, the results of some experiments (the details of which have since 
been published in the Transactions of the Eoyal Society of Edinburgh) on 
the connexion between change of chemical constitution and change of phy- 
siological activity. 

They have since that time continued their invevstigations by applying the 
method described in the above communication to the alkaloids, atropia, conia, 
and trimethylamine. The substances which they have compared in refer- 
ence to their physiological action are, atro];)ia and the salts of methylatro- 
pium, conia, methylconia, and the salts of dimethylconium, salts of ammonia, 
trimethylamine, and tetramethylammonium. They have made in all about 
120 experiments, and give in the accompanying Table the results of thirty- 
six, in which the dose was not much above or below the minimum fatal. 
It will be seen that these results confirm the conclusions at which they 
formerly arrived, viz. that the action of compounds of triatomic nitrogen is 
different from that of compounds in which the nitrogen is stably pentatomie, 
and that salts of ammonium bases act on the peripheral terminations of the 
motor nerves in the same way as curara. This action, and the absence of 
convulsant action, appear to be generic characters of the salts of ammonium 
bases. Besides this, the salts of the ammonium bases frequently retain cer- 
tain of the special (specific) actions of the nitrile bases from which they are 
derived. 


Tabular Summary of Experiments with Doses that are about the 
minimum fatal. 


Number 
of experi- 
ment. 

Substance 

employed. 

x'^nimal and 
its weight. 

Method of 
exhibition. 

Dose. 

Effect. 

1. 

Iodide of 
melhyl- 
ati opium. 

Eal,bit,31b. 

13;! OZ. 

Subcutane- 

ously. 

2 5 grs. 

Dilatation of pupils 
slight and then decided 
paralysis j faint tre- 
mors j and recovery (in 
more than two hours 
and ten minutes). 

2. 

Do. 

Rabbit, 3 lb. 
10 OZ. 

Do. 

Sgrs. 

Ditto; and death (in 
fifty-eight minutes). 

Dilatation of pupils ; 
rapid and decided pa- 
latysis; very faint tre- 
mors; and death (in 
thirty-two minutes). 

S. 

Do. 

i 

1 

1 

Dog, 8 lb. 6 
cz. 

Do. 

10 grs. 

4. 

Do. 

Frog,392gi\ 

Do. 

0*005 gr. 

Paralysis ; complete 
suspension of reflex ex- 
citability (motor-nerve 
conducthity being re- 
tained) ; and complete 
7*ecovery (in less than 
two hours). 


18o9. P 
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Table (continued). 


Number 
of experi- 
ment. 

Substance 

employed. 

Animal and 
its weight. 

Method of 
exhibition. 

Dose. 

Effect. 

5. 

Iodide of 
metliyl- 
atropium. 

Fi’og,455gr. 

Subcutane- 

ously, 

0*025 gr. 

Complete paralysis, 
with susponsi<m of mo- 
tor-nerve conductivity ; 
and recovery (in leas 
thantwenty-foiirhours). 

«G. 

Do. 

Frog,422gT. 

Do. 

0-1 gr. 

Complete paralysis, 
with suspension of mo- 
tor-nerve conductivity, 
during first, second, 
third, and fourth days j 
and recovery on Jiftli 
day. 

7. 

Do. 

Frog‘,2G0gT, 

Do. 

0-8 gr. 

Complete paralysis, 
with suspension of mo- 
tor-nerve conductivity 
in thirty minutes ; mus- 
cular contractility was 
retained until the sixth 
day; loss of muscular 
contractility and some 
rigor (death ) on sevontii 
day. 

8. 

Do. 

Rabbit, 3 lb. 
12 oz. 

by stomach. 

30 gTs. 

IS’one. 

9. 

Sulphate of 
metliyl- 
atropium. 

Rabbits lb. 
74 oz. 

subcutane- 

ously. 

2 grs. 

Dilatation of pupjils ; 
decided paralyvsis ; faint 
twitches ; and recovery 
(in about thirty mi- 
nutes). 

10. 1 

Do. 

Rabbit, 2 lb. 
7 oz. 

Do. 

2grs, 

Ditto; and death (in 
f(»rty niinntes). 

11. 

Do. 

Frog,460gv. 

Do. 

0‘1 gT. 

CJomplote paralysis, 
with suspoUHion of nio- 
tor-nerv e von due ti vi ty 
in about forty minutes ; 
retaimal muycuhii* con- 
tractility until li fill day ; 
loss of nmseiilar eon-' 
tractility with sonu^ 
rigor (death) on sixth 
day. 

12. 

Iodide of 
ethyl-atro- 
pium. 

Rabbit, 3 lb. 
■ 84 oz. 

Do. 

2 gl-8. 

Dilatation of ptipils ; 
decided paralysis ; faint 
tremors; and' death (in 
about tlihty minutes). 

^>13. 

Sulphate oi 
atropia. 

■Rabbit, 4 lb. 
10 oz. 

Do. 

5 grs. 

Dilatation of pupils, 
and no serious sym- 
ptom. 

14. 

Do. 

Do. 

Do. 

10 grs. 

Ditto. 

^15. 

* Do. 

2 lbs. 5 oz. 

Do. 

15 grs. 

Ditto, diuresis^ ca- 
tharsis, and languor, 
followed by recoveiy. j 


^ Ka sywiptonx of exaggerated reflex activity occurred during this experiment* 
^ Same rabbit at intervals of several days. 
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Table {continued). 


Number 
of experi- 
ment. 

Substance 

employed. 

Animal and 
its weight . 

Method of 
exhibition. 

Dose. 

Effect. 

"16. 

Sulphate of 
atropia. 

Dog, 81b. 6 
oz. 

subcutane- 

ously. 

10 grs. 

Dilatation of pupils ; 
decided paralysis; fre- 
quent tetanus ,* and re- 
covery. 

17. 

Sulphate of 
atropia. 

Frog,447gr. 

Do. 

0*4 gr. 

Incomplete paralysis 
first day ; spasms second 
day ; tetanus fomth to 
sixth days ; stiff reflex 
movem ents seventh day; 
and eighth day. 

18. 

Do. 

Frog,404gr. 

Do. 

0-4 gi-. 

Complete paralysis 
first and second days ; 
tetanus third to ninth 
day; spasmodic move- 
ments tenth and ele- 
venth days; and reco- 
mry twelfth day. 

19. 

HydrocHo- 
rate of nie- 
thylconia. 

Rabbit, 31b. 
14i oz. 

Do. 

0-1 gr. 

No obvious effect. 

20. 

Do. 

Rabbit, 21b. 
lOJ oz. 

Do. 

0-2 gr. 

Exaggeration of re- 
flex actmty ; decided 
paralysis ; oxA death (in' 
twenty-two minutes). 

^21. 

Do. 

Frog,175gr. 

Do. 

0-2 gr. 

Proof of paralysis of 
motor endorgans at 
early stage. 

22. 

Iodide of 
dimetliyl- 
conium. 

Rabbit, 3 lb. 
oz. 

Do. 

2-6grs. 

Slight paralytic sym- 
ptoms and recovery. 

23. 

Do. ^ 

Rabbit, 4 lb. 

Do. 

3 grs. 

Decided paralysis ; 
faint tremors ; 

(in about one hour and 
fifteen minutes). 

®24. 

Do. 

Frog,225gr. 

Do. 

O’l gr. 

Complete paralysis 
for three days ; and re- 
covery. 

^25. 

Hydrochlo- 
rate of 
conia. 

Rabbit, 3 lb. 
CJ oz. 

Do. 

0-2 gr. 

Tremors and decided 
paralysis ; exaggerated 
activity ; and death (in 
about thirty-two mi- 
nutes). 

e2G. 

Do. 

Frog,364gr. 

Do. 

0-1 gr. 

Paralysis of motor 
nerves, and death on 
fourth day. 

^27. 

Hydroehlo- 
rate of 
trimethyl- 
amine. 

Rabbit, 3 lb. 
2J oz. 

Do. 

7 grs. 

Very slight paralysis 
&e. ; mid recovery. 


« Same dog as used in experiment 3. ^ Some evidence of redex exaggeration. 

* No evidence of exaggerated reflex activity. 

f Dr. Christison’s preparation ; a specimen from Mr. Morson was found to be less active, 
s Some evidence of exaggerated reflex activity. 

^ Strong odour in breath of trimethylainine in a few minutes. 
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Number 
of experi- 
ment 

Substance 

Animal and 

IMothod of 

Dose. 

employed. 

its weight. 

exhibition. 

28. 

[-lydrochlo- 

[■tahbit,8 lb. 

Sulxcutane- 

11 g\'S. 


rale of 
trimethyl- 

71 O'z. 

ously. 



amine. 




29. 

Do. 

Frog,845gr. 

Do. 

O o gi-. 

30. 

Iodide ofte- 

Eabbit, 31b. 

Do. 

0-7 gr. 


tramethyl- 

1^ oz. 



ammonium. 




81. 

Do. 

Ilabbit;2 lb. 
14 oz. 

Do. 

12 grs. 


Do. 

Fi-og,497gr. 

Do. 

0-04 gr. 

. 83. 

84. 

Do. 

Chloride of 

Frog,425gr. 
RalmitS lb. 

c p 

0*05 gr. 
12 grs. 


ammonium. 

12 oz. 


85. 

Do. 

Rabbit, 2 lb. 

Do. 

15 grs. 



8 oz. 


i36. 

Do. 

Frog,435gr. 

Do. 

0*5 gx‘. 


Ellbcl. 


Slig-l] i KlocpinoHB, salx- 
vatiuii for a ftjwiiiiiiutos, 
defiiecatiou aud iirina- 
tioHj decided paralysis^ 
spasms, and deatL 

Tonic spasm in an- 
terior and left posterior 
extremities (right cut 
off from poisoning by 
ligature of its vessels) j 
complete paralysis of 
left sciatic nerve (right 
remaining active) j and 
death. 

Salivation (very pro- 
fuse and long con- 
tinued) ; lachrymation; 
decided paralysis,- slight 
tremors ; and recocenj. 

Ditto; and convul- 
sions ; and death. 

Tonic spasm, and mo- 
tor endorgau paraly- 
sis ; and recovery. 

Ditto ; and death. 

Partial paralysis; fre- 
quent tetanus ; and re» 
cover}/. 

Decided paralysis ; 
frequent tetanus; and 
dentil. 

Partial paralysis ; 
starts and other sym- 
ptoms of reflex exag- 
geration ; complete pa- 
ralysis of motcu' mu’vea 
and muscles ; and death. 


* Evidence of motox- nerves being paralyzed before muscles. 

Of the various substances included in this Table, atropia possesses the 
most remarkable special (specific) actions, viz. a dilating action on the pupils 
and a paralyzing action on the cardiac inhibitory branches of the vagi nerves. 
It will be seen from the two following experiments that the salts of the 
methyl derivative of atropia retain these special actions : — 

, Experiment 37. One minim of a solution of 1 grain of sulphate of methyl- 
atropinm in 100,000 minims of distilled water (^YQ ^U d i) ^ 
phate^bf methyl-atropium) was placed on the right eyeball of a rabbit. 

Before the application the right pupil measured If X-J|-,andtheleft|g xU of an inch. 
89 mns. after the application „ „ ifxfl „ 

1 hour 
Ihr. SOnis, 

2hs. 10 ms. 

22 hrs. 


?* 


lication 


if 

Uxu 

99 

mu 

99 

}} 


9 } 


99 

mu 

99 

» 


>9 

mu 

99 

mu 

99 



fi 
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mu 

99 

w , 

9 } 

Jf 


99 
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Experiment 38. The two vagi nerves were exposed in the neck of a rabbit, 
and on separately subjecting the trunk of each nerve to galvanic stimulation 
of a certain strength (obtained by the use of Du Bois-Keymond’s induction- 
apparatus), it was found that stoppage of the heart’s contractions resulted on 
each occasion during the five seconds the galvanic stimulation was applied. 
A solution containing half a grain of sulphate of methyl-atropium in fifteen 
minims of distilled water was then injected under the skin of the abdomen. 


5 minutes. . . . after the injection the heart was contracting 28 times in 10 seconds. 

j, tne right i agiis was galvanized for 10 seconds, 
and the heart continued to contract dining the 

galvanism 28 times in 10 seconds. 

after the injection the heart was contracting 29 „ „ 

„ „ the left vagus was galvanized for 10 seconds, 

and the heai*t continued to contract during the 
galvanism 30 times in 10 seconds. 

20 mns. 20 secs, after the injection the heart was contracting 30 „ „ 

20 „ 20 „ „ j, the right vagus was galvanized for 10 seconds, 

and the heart continued to contract during the 
galvanism 30 times in 10 seconds. 


7 mns. 10 secs. 


10 minutes . 
” 

20 ,, 


It was also found that the special actions ou the pupils and on the cardiac 
inhibitory branches of the vagi nerves are possessed by the ethyl derivative 
of atropia. 


Report of a Committee^ consistmg of Lieut. -Col. Strange, F.KS.j 
Professor Sir W. Thomson, F.R.S., Professor Tyndall, FR.S,^ 
Professor Erankland, F^R.S.^ Dr. Sten house, F. JR. S., Dr. Mann, 
F,R,A.S,y W. Huggins, F.R.S,, James Glaisher, Professor 

Williamson, F.R.S,, Professor Stokes, F.R.S., Professor Fleem- 
ING Jenkin, FM.S.y Professor Hirst, F.R.S., Professor Huxley, 
F.R,S.f and Dr. Balfour Stewart, F.R.S. appointed for the 
purpose of inquiring into, and of reporting to the British Asso- 
ciation the opinion at which they may arrive concerning the foU 
lowing questions : — 

I. Does there ewist in the United Kingdom of Chreat Britain and 
Ireland sufficient provision for the vigorous prosecution of 
Physical Research P 

II. If not, what further provision is needed ? and what measures 
should be taken to secure it ? 

Your Committee, having sought the counsel of many of the most eminent 
men of science of the United Kingdom upon these questions, so far as it was 
found practicable to do so, and having carefully deliberated thereon, have ar- 
rived at the following conclusions ; — 

I. That the provision now existing in the United Kingdom of Great Britain 

* The following names have since been added to the Committee : — ^Alfred Tennyson, 
E.E.S. ; Lyon Playfair, KR.S., M.P. ; J. Korman Lockyer, F.R.S. 
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and Ireland is far from sufficient for the vigorous prosecution of Physsical 
Eesearch. 

II. It is universally admitted that scientific investigation is productive of 
enormous advantages to the community at large ; but those advantages can- 
not be duly reaped without largely extending and systematizing Physical 
Eesearch. Though of opinion that greatly increased facilities are undoubt- 
edly required^ your Committee do not consider it expedient that they should 
attempt to define categorically how these facilities should be provided^ for the 
following reason : — 

Any scheme of scientific extension should he based on a full and accurate 
knowledge of the amount of aid now given to science, of the sources from 
which that aid is derived, and of the functions performed by individuals and 
institutions receiving such aid. Your Committee have found it im2>ossible, 
with the means and powers at their command, to acquire this knowledge. 
A formal inquiry, including the inspection of records to which your Committee 
have not access, and the examination of witnesses whom they arc not em- 
powered to summon, alone can elicit the information that is required ; and, as 
the whole question of the relation of the State to Science, at present in a 
very unsettled and unsatisfactory position, is involved, they urge that a Royal 
Commission alone is competent to deal with the subject. 

Your Committee hold that this inquiry is of a character sufficiently im- 
portant to the nation, and sufficiently wide in its scope, to demand the use of 
the most ample and most powerful macMnery that can bo brought to bear 
upon it. 

Your Committee therefore submit, as the substance of their Eoport, the 
recommendation that the fuU infinonce of the British Association for the Ad- 
vancoment of Science should at once be exerted to obtain the a 2 )poiiitment of 
a Eoyal Commission to consider — 

1. The character and value of existing institutions and facilities for 

scientific investigation, and the amount of time and money devoted 
to such purposes. 

2. "What modifications or augmentations of the means and facilities that 

are at present available for the maintenance and extonaion of 
science arc rcqxiisite ; and, 

3. In what manner these can bo best supifiied. 


On Emission^ Absorption, and Reflection of Obscure Heat^ 

By Prof. Magnus*. 

There was a time when heat was considered to he very different from light. 
Few, however, wo are persuaded that the only difference botwoon thera is the 
length of the waves by which they are produced and propagated. Therefore 
I thought that the well-known laws of the radiation and absorption of light 
must also exist for heat. I followed in these thoughts Mr. Balfour Stewart, 
who, ten years ago, and several years before Kirchhoff and Bunsen had pro- 
pounded their theory, imblished a paper in which he developed nearly the 
same ideas for heat as these philosophers did for light. 

I vriE endeavour to give some of the results at which I arrived; hut 

* A coxrunuttication ordered to be printed in enctmso among the Eoports. 
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before doing tHs, I must mention that for these experiments it was necessary 
to obtain the rays from tbe body examined nnmixed with those of the flame 
or of any substance by which the body is heated. I succeeded in this by 
making use of a stream of heated air in which the body was suspended. 

I found that different substances heated to 150° C. emit different kinds 
of rays ; some only one kind, or waves of one length, and others waves of 
many different lengths. To the first class belongs pure E.ock-salt. There is 
an analogy between the heat emitted by this body and the light produced 
by its vapours, or rather of the Sodium it contains. The light from this sub- 
stance gives only one line in the spectrum, and the heat also is only of one 
wave-length. It is monothermic, as its vapour is monochromatic. 

Kock-salt absorbs the heat given out by Eock-salt, while it absorbs almost 
none of that given out by other substances. 

There is another crystallized substance, the chloride of potassium, called 
Sylvin, very hke rock-salt in its behaviour ; but it is not monothermic, because 
it absorbs the heat from different substances, not in a very high degree, but to 
a greater extent than rock-salt does. 

If our eyes would allow us to see the dark heat as we see light, and we 
could project a spectrum of the heat of rock-salt, we should see but one line, 
hut in making use of the heat emitted by chloride of potassium a longer 
space would be illuminated, but not so long as from lampblack or from a 
flame. 

Here also is an analogy between the heat and light given off by chloride 
of potassium. 

I then made experiments on the reflection of heat, and I found that Silver, 
Glass, Eock-salt, Sylvin, and Eluorspar reflect nearly the same quantities of 
heat coming from a flame, from Lampblack, Glass, or ffrom other substances, 
hut of the heat from Eock-salt, the Fluorspar reflects five times as much as of 
that from other substances. Of the heat from Sylvin the Fluorspar reflects 
three times as much. 

It follows from these experiments that if obscure heat were* visible, 
and if Eock-salt were used as the source of heat, we should see the Fluorspar 
brighter than all other bodies, as far as I know at present. "With Sylvin as 
the source of heat we should see the Fluorspar bright, hut not so bright as in 
the heat from Eock-salt. 

Although invisible to the eye there arc millions of rays of heat passing 
between different substances, being i)arlly absorbed and partly reflected; 
and although we are surrounded by these motions, we cannot obserye them 
but by special experiments. 

The analogy between light and heat seems to me to he complete. 
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Rejport on Observations of Luminous Meteors 3 1 868-69. By aCommitiee^ 
consisting of James Glaisher, F.R.S,, of the Royal Observatory 3 
Greenwich 3 President of the Royal Microscopical and Meteorolo- 
gical Societies, Robert P, GreO; RG.S., FR.A^S., E.W. Bkavley^ 
F,R.S., Alexander S. Herschel, F.R.A.S., and Charles Brooke^ 
F.R.S., Secretary to the Meteorological Society. 

The Catalogue of the Tenth Report of this Committee contains the results of 
assiduous observations of shooting-stars, directed principally to the periodical 
dates when shower-meteors are usually expected to occur. Many observations 
are, besides, recorded from the published accounts, and privately communi- 
cated descriptions of observers on the large meteors wdiicli have appeared 
with more than ordinary frequency during the interval of the year elapsed 
since the presentation of the last Report. 

The general insufficiency of some of the observations, for the purpose of 
determining approximately the real distance of the meteors, is not greater 
than must always he expected to arise, when a due allowance is made for 
the unprepared condition of observers at the moment of the appearance of 
such unusually large and brilliant meteors as have during the past year been 
seen in some abundance. The comparison of some of the accounts contained 
in the present list has, nevertheless, led to satisfactory conclusions re- 
garding the real height and course of some of the splendid lircballs recorded 
in the paragraphs of this Report. Among those which principally appear to 
have afforded elements of strict mathematical calculation may be mentioned 
the observations made in France on the large f rohall of the 5tli of 8eptoml)or, 
and those at Cambridge and in Paris on the detonating meteor of the 31st of 
May last. 

Some interesting communications on the same subject, hearing especially 
on the extent, velocity, and dii’ection of the currents observed to exist in the 
loftiest regions of the atmosphere, are included with the heights of certain 
persistent meteor-streaks determined by Professor hfewton, in the United 
States, on the 14th of November last. These observationB, with the last- 
mentioned descriptions of bright meteors seen at the same time in FJngland 
and on the Continent, are contained in the first Appendix of tho Report. 

The occurrences of new aerolites and of other large meteors are described 
in detail, and frequent minor notices of similar appearances from foreign 
sources are placed in the second Appendix ; to which is added a (Catalogue 
of recent fireballs, completing up to the pxTsent time Iho very comproheusivo 
list of such appearances which, since their first Report, Mr. Greg has continued 
with unfailing industry to collect for the Committee. 

The observations reported in the next Appendix show that the periodical 
star-shower of August, in the past and present years, has been made tho 
subject of increasing attention in England and on the Continent. The sys- 
tematic observation of the rate of frequency, time of maximum, and apparent 
position of the radiant-point has not yet cleared up some of the perplexities 
which suiTound the exhibition of this well-known hut not yet thoroughly 
explained phenomenon. The possible prevalence of several maxima, and an 
apparent oscillation of the radiant-point in successive years between tolerably 
wide limits in the constellations Perseus and Cassiopeia, are features of this 
meteoiic current which especially call for further investigation. The charac- 
teristic appearances of the meteors, both as to magnitudes and to the abun- 
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dance and duration of their Itnuinous streaks, are also points of principal and 
recurring interest. 

Owing to the exceptionally overcast state of the sky in England during 
the whole of the winter and summer months of the past year, the number of 
observations of the ordinary shower-meteors of October, December, January, 
and April last have not only been unusually deficient, but observers in 
England were unfortunately deprived of more than partial views of the great 
star-shower of the 14th of K’ovember last. Several interesting notices of the 
bright display, from transatlantic and continental stations, wiU, however, 
be found in the third Appendix ; and that and previous reappearances of the 
star-shower are further illustrated by papers in the fourth Appendix of the 
Deport. Some insight into the physical structure of the !N'ovember meteoric 
cloud has, it will thus be seen, been derived from the simultaneous observa- 
tions of its recent principal displays at places as far apart in longitude as 
Shanghai, Calcutta, Greenwich, and the observatories of the United States. 
It appears that the central and most compact portion of the stream was 
twice encountered in the years 1866 and 1867, while in the years 1865 and 
1868 respectively, two outlying currents of greater width, but of less consi- 
derable density, were crossed, one on either side of the central stream, and 
separated from it, the former in front of, and the latter behind its margin, by 
an equally broad well-defined space comparatively devoid of meteors. This 
curious circumstance, first pointed out by Mr. Marsh, of Philadelphia, is 
drawn from observations at the conclusion of Appendix IT. 

A review of several important papers published, and received by the Com- 
mittee, during the past year, occupies the whole of the fourth and last 
Appendix of the Catalogue. The consideration now generally bestowed upon 
observations of luminous meteors is sufdciently rewarded by the occasional 
perusal of such papers of eminent scientific interest in the special branches 
of aerolitic and meteoric astronomy ; while the present zeal of observers is 
evinced by their association together in Erance and Italy to record in a 
regular and systematic form, under the direction, at Metz, of a luminous 
meteor committee like that of the British Association, the transitory pheno- 
mena of meteors and falling-stars. In consequence of the combination of 
observers to observe shooting-stars together on stated nights, it cannot be 
doubted that a great accession to the present state of knowledge of this 
class of bodies wiU thus, in the course of a few years, be obtained. The 
star-showers of April last, which, on account of the unfavourable state of the 
weather, were unperceived in this country, were yet conspicuously seen at 
Moncalieri near Turin, and at Urbino, and the radiant-points of these 
meteoric epochs of the 10th, 20th, and 30th of April, already previously 
established by the British Association, received an unexpected confirmation. 

With the object of furthering the views, and assisting the progress of meteoric 
science in its most highly productive sphere of observation, the Committee, 
in presenting this their Tenth Annual Deport, express the hope that the 
same success may continue to attend their future efforts which has rewarded 
them in the filrst period of their existence, and which was originally be- 
queathed to them by the great and talented author of the annual Deports to 
the British Association on observations of luminous meteors, when, in the 
year 1860, after compiling the present Catalogue alone and presenting it 
unassisted to the British Association for fifteen years, he for the first time 
placed the preparation of these Deports, and the annual collection of obser- 
vations of luminous meteors, in the hands of a committee. 

1869. * ^ 
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A CATALOGUE OE OBSERVATIONS 


Date. 

Hour. 

Place of 
Observation. 

Apparent Size. 

Colour. 

Duration. 

Position, or 
Altitude and 
Azimuth. 

1862. 

h in s 






Nov.27 

5 52 p.m. 

Between N. Fore- 
land and Broad- 
stairs. 

Apparent diameter 
about one-fiftb 
that of the full 
moon. 

Rather deep 
bine. 

6 seconds ... 

First appeared verj 
close to Mars 
Passed about 6' 
under the moon 
and disappearec 
under Altair 
at an altitude 
of about 10^ 
above the ho- 
rizon. 

1866. 







Sept. 17 

10 22 p.ra. 

Birmingbam ... 

= 3rd mag.# 

Blue 

0*5 second ... 

From Draconis 

a= 5= 
to 224° +48° 

17 

10 22 30 
p.m. 

Ibid 

=.3rd mag.* 

Blue 

0*5 second ... 

From (^, w] 

Draconis to « 
Cygni. 

17 

10 55 p.m. 

Ibid 

= lst mag.*, then 

Deep yellow 
and ruby. 

2*5 seconds ... 

From a Persei to 1 
Aurigae. 

17 

11 0 p.m, 

Ibid 

« 1st mag.# 

Yellow 

2 seconds...... 

aa= 

From 9°-18° 
to 348 -27 

17 

11 22 p.m. 

Ibid 

= 3rd mag.* 

Blue 

1 second 

3= 

From 90° +27® 
to e Geminorura. 

Oct. 28 

10 46 p.m. 

Ibid 

= 1st mag.# 

Blue 

0*75 second ... 

a= (?=» 
From 346®- 5® 
to 333 -16 

Nov.18 

5 40 p.m. 

Wadhwst 

(Sussex), 

Splendid meteor... 



Appeared near the 
moon. 

1867, 







Aug,19 

9 27 p.m. 

Birmingham ... 

~ 2nd mag.# 

Red 

1*5 second ... 

a= <?= 
From 49® +48® 
to <15 Pegasi. 

20 

9 15 p.m. 

Ibid 

== 3rd mag.* ...... 

Blue 

0’5 second ... 

From ^ Aquilse to 
9 Serpentis, 

21 

11 30 p.m. 

Ibid 

= 3rd mag.# 

Blue ......... 

0’5 second ... 

From K Bodtis to » 
Lyne. 

21 

U 52 p.m, 

Ibid 

= Sirius 

White 

1 second 

From e Capricorni 
to X Piscis Aus- 
tralis. 

27 

11 3 p.m. 

Ibid 

« 1st mag.# ...... 

White ......... 

0*75 second... 

ass ^'ss 

From305®+20® 
to 291 - 8 

27 

11 3 p.m. 

Ibid 

i 

™3rdmag.» 

Blue 

1 second 

Through the body- 
stars of Camelo- 
pardus. 
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OP LUMINOUS METEOES. 


Appearance ; Train, if any,! 
and its Duration. 


Length of 
Path. 


Direction; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 


Eemarks. 


Observer. 


The nucleus was followed 
by a flame-coloured tail 
about 2° long. It was 
twice nearly extinguish- 
ed in its course, but 
both times regained its 
luminosity. 


|Left a tail 12° long| 
for one second. Ruby- 
coloured sparks issuedl 
from the meteor. 

Left a train for Ij second 


Did not leave much train | 


r,cft a streak 


Left a streak 




Inclining towards the The horizon itself was 


earth. 


invisible. 


James Chapman. 


From Radiant Rj, o. 
From Radiant V .... 
From Radiant Rj, 2. 


From Radiant U . 


From Radiant Tg, 3, 4 ...| 
From Radiant R3 


Beautiful colours.. 


[Meteors five or six perjld. 
hour. 


W. H.Wood. 
Id. 

Id. 

Id. 


Though the moon was 
' brilliant, the meteor 
was yet very bright ; 
even brighter than 
those of November! 
14th, 1866. 


From Radiant e Cassio-] 
peise. 

From Radiant e Cassio- 
peise. 

From Radiant M Gg . . 


From Radiant QG . 


ild. 

I Communicated 
byA.S.Herschsl 


From Radiant e Cassio-j 
peiae. 

[From Radiant e Cassio- 
peiiB. 


iThis meteor nearly si- 
multaneous with thej 
next. 


W.H.Wood. 

Id. 

|ld. 

Id. 

Id. 

Id. 
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Date. 

Hour. 

Place of 
Observation. 

Apparent Size. 

Colour. 

Duration. 

Position, or 
Altitude and 
Azimuth, 

1867. 
Aug. 2 7 

h m 

11 20 p.m. 

Birmingham ... 

=* 3rd mag.it 

Blue 

0*5 second ... 

From a Delphiui 

27 

11 20 p.m. 

Ibid 

=s Sirius 

Orange colour 

1‘5 second ... 

« Pegasi. 

«« ^sss 

27 

11 35 p.m. 

Ibid 

—2nd mag.=if ...... 

Blue ...... ... 

0'5 second ... 

From 329°--13® 
to 310 -19 
From e to ^ Aqui 

27 

12 0 p.m. 

Ibid 

=3rdmag.3t 

Blue 

2 seconds 

«= (JS! 

28 

12 1 a.m. 

Ibid 

= 2ndraag.9t 

Blue 

1*5 second ... 

From 336°-2r 
to 348 -18 
From a Aquarii 
« Equulei, 

From t to j3 Ceti 

28 

12 7 a.ra. 

Ibid 

— Ist mag.Ht 

Blue 

1 second 

28 

12 18 a.m. 

Ibid 

— Ist mag.# 

Blue 

0*5 second ... 

From7rAndrome( 

Sept. 3 

10 40 p.m. 

Ibid 

=« 3rd mag.it 

Blue 

1 sec.; slow 

'to y Pegasi, 

4t=s ^ss 

3 

10 42 p.m. 

Ibid 

> 1st mag.it 

White 

motion. 

0*3 sec. ; rapid 

From 335®4-18® 
to 350 +15 
From « Triang 

3 

10 45 p.m. 

Ibid 

— lstmag.it ...... 

Yellow 

0*5 second ... 

4{S3 

to 40^+32® 

«= 5s5 

3 

10 50 p.m. 

Ibid 

=3rd mag.it 

Blue 

0*5 second ... 

From 347®- 7® 
to 3o3 —18 
From * Delphini 

22 

10 15 p.m. 

Ibid 

«3rd mog.it ...... 

Blue 

1*5 second ... 

(& Equulei. 

«:= d*— 

24i 

10 20 p.m. 

Ibid 

= 2ndmag.5K 

Blue 

0*75 second... 

From 0®- 6® 
to 335 14 

»» dea 

28 

9 20 p.ra. 

Ibid 

>lstniag.^ 

Blue, then 

0*5 second ... 

Froml21®+6l® 
to 196 +71 
From » Lyrm to 

Oct. 3 

10 3 p.m. 

Aclcworth, 

— 2ndniag.H< ...... 

white. 

Bright white.. 

1 

2 secs,; rapid 

Ophiuchi. 

i 

8 

10 10 p.m. 

Pontefract 

(Yorkshire). 

Birmingbam ... 

>lst mag.* 

Deep blue ... 

0*75 second... 

Prom 12®+12® 

; to 13 + 8 

a= 5= 

18 

’ 

9 57 p.m. 

Ackwortb, 

“1st mag.* ...... 

Yellowish ... 

3 secs. ; slow 

From 298®+30® 
to <r Aquilm. 

«BS 8s= 



Pontefract 

(Yorkshire)^ 



motion. 

From 70®+50® 
to 310 +60 
Rather north 
the zenith. 
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Direction; noting also 
Appearance ; Train, if any, Length of whether Horizontal, 
and its Duration. Path. Perpendicular, or 

Inclined. 


Remarks. 


.. From Radiant QsC This meteor followed at W. H. "Wood. 

a brief interval by the 
next. 

.. From Radiant R 3 Average rate of fre* Id. 

quency 12 per hour; 
fine clear night. 

.. From Radiant V Commencement of this Id. 

meteor - shower not 
seen ; but meteors 
came in groups be- 
tween 9*^ 30“ and 
p.m., with nearly 
a quarter of an houp's 
interval of repose. 

.• From Radiant ? Capri Id, 


. From Radiant j3 Ceti 

. From Radiant 

. From Radiant e Cassio- Id. 

peiffl. 

. From Radiant Q 3 Path curved laterally... Id. 


• From Radiant Tj Meteors four in ten Id. 

minutes. Clouds pre- 
vented further obser- 
vations. 

. From Radiant Bj... ...... A severe thunderstorm.. Id. 


. From Radiant Bj I<I* 

. Vertically down. From The last 10® of its path Id. 
Radiant RG. curved. 


Left a train for 2 seconds From Radiant G One meteor in an hour ; Id. 

fine night. 

Left a streak From Radiant e Cassio- Fine nights on the Id, 

peiffi. 1 0th, 19th, and 25th; 

no meteors seen. 
Night of the 28tli 
overcast. 

Brightest in the middle of 4^° 

its course. \ 


Left a smoky streak 


.From Radiants... ...... W. H. Wood. 


Left a fine train which did 50® Directed from Capella... Two small meteors J. E. Clark. 

not last. about 9 o’clock. 
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Date. 

Hour, 

Place of 
Observation. 

Apparent Size. 

Colour. 

Duration. 

Position, or 
Altitude and 
Azimuth, 

1867. 

h m s 






Oct. 18 

9 57 3 

Ack worth, 

= 1st mag.* 

Yellowish ... 

IJsec, j slow 



p.m. 

Pontefract 




From C0°+50® 


(Yorkshire). 




to 35 +47 

18 

10 16 p.m. 

Ibid 

—2nd mag.* 

Red 

2 secs.; very 

From 296*5®+r 






slow. 

to 289 -3 

19 

10 11 p.m. 

Ibid 

— Sirius 

Red 

2 secs.; very 

Near Rigel 






slow. 

19 

10 20 p.m. 

Ibid 

= 1st mag.* 

Red 

2 J seconds ... 

Disappeared very 







near Jupiter. 

19 

10 33 p.m. 

Ibid 

= 1st mag.* 

White 

0*75 second ... 

In the south; on 







the left of Jupiter. 

20 

10 4 p.m. 

Ibid 

=2^- mag.* 

Red 

3^ secs. ; very 

In the south; on 






slow. 

the left of Jupiter. 

20 

10 14 p.m. 

Ibid 

=3rdmag.* 

White 

P5 second ... 

In the direction to- 







wards and near 
Jupiter. 

2011 17 p.m. 

Birmingham ... 

—3rd mag.* 

Dine 

O-f) second ... 

From r to e Pe- 

20 

Nov. 3 

11 20 p.m. 

Ibid 

— Ist mag.*,...,.... 

Orange colour 

0*75 second.,. 

gasi. 

From « Orionis, | 
of the way to « 
Tauri. 

About 9 0 

Ackworth, 




16 

p.m. 

Pontefract 

(Yorkshire). 





6 10 to 

Ibid 

= 1st to 4tb mag.^f 



In the E. 


« .rt -—a lu uuc ...... 

0 40 p.m. 

17 8 37 p.m.Ibid =lstmag.# White ........ 1-5 second ... «= 


From 205^+48® 

, to 283 +37 

21 8 20 p.m. Ibid Half as bright again Yellowish .. . 1 sec. ; rapid First appeared near 

motion. »? Pegasi, and 
disappeared in 
clouds near Ju- 
piter. 


4 
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Direction; noting also 

Appearance ; Train, if any, Length of whether Horizontal, r» i 

and its Duration. Path. Perpendicular, or Remarks. . Observer, i 

Inclined. , 

Left no streak From Capella, towards Another meteor at 10^ J. E. Clark. 

S.W. ]2"p.m. 

Left a fine thin train 11° Very distinct. Another Id. 

\ meteor appeared at 

10^ p.m. 


Left afine train of a green- 10° Very oscillating motion Id. 

ish tinge. 


Left a red train of varying 15° Two meteors about si- Id. 

brightness. multaneous with this. 


Left a dull train 5°.. 


. From the same Radiant Id. 
as the last. 


Left a slight train 10° 


Left a slight train 10° 


. Almost disappeared Id. 
during its course. 


. Opposed in its direction id. 
to the last. Another 
at 10^ 16“^ p.m. 


• From Radiant R,, 


• W. H.Wood. 


’ From Radiant (?) 


, On this night and the j, % Clark, 
following five meteors 
were observ^ed. 

. Eight meteors were seen id. 

^ Fluctuated in its course, jd. 

Another meteor ap- 
peared near Aquila at 
p.m. 


Left a bright train for 3 40° 
seconds. 


• Moved dong a line The observer’s bach ld. 
pardlel to |S, « Pe- '>e»g io the 
' meteor, his attention 

® ' was drawn to it by 

f the reflected light, 

/ and its course was 

/ marked by the per- 

w' sistent streak. 
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KEl'OllT — 1869. 


Date. 


Hour. 


Place of 
Observation. 


Apparent Size, 


Colour. 


Duration, 


Position, or 
Altitude and 
Azimuth. 


1867. 

Nov.21 


21 


h m s 
lAbout 8 25| 

p.m. 


Ackworth, 

Pontefract 

(Yorkshire). 


10 8 p.m, 


22lAbout 7 20| 
p.m, 

26|l0 2 p.m. 


Ibid . 

Ilbid. 

Ibid. 


1868. 
Feb. 4| 


|Julyl4 
15| 
30| 


10 34 p.m. 
8 50 p.m. 

7 17 p.m. 

7 35 p.m. 

10 50 p.m 

10 35 p.m, 

5 55 50 
a.m. 

(local time). 


10 51 p.m. 
|(loeal time). 


Ibid . 
Ibid. 


Ibid, . 


Ibid. 


[Street 
(Somerset). 
Ilbid 


=3rd mag.* 


=2nd mag.* 


=3rd mag.* 


Italaya Observa. 
tory, Brazils, 


[About if apparent! 
diameter. 


= 3rd mag.* .. 
=2ndmag.* 

=:3rd mag.* .. 



— Ist or 2ndmag.!i«| 

=2nd mag.# ...... 

Apparent diameter 
about 43' of arc. 


White 

White ..... 

[White 

Brilliant white 


0‘5 second ... 


Almost instan- 
taneous. 


2 seconds.. 
|3 seconds.. 


Red 
White . 


I '5 second ... 
[0*25 sec. ;rapid|Fi 


Red, 


0’5 sec. ; rapid 


From 272° +38° 
to 267 +39 


About 1|° to right 
of Rigel, 


|2° to left of a Cen- 
tauri [?]. 

«!5S 6 = 

From about 48®— 3°| 
to about 65 —5 


ass: ^ss 

[From 65® -13° 
to 55 -20 
^irst appeared 
almost in tbel 
zenith, near «| 
Persei, 

[Centre of path 
midway between 
the head of Aries 
and the Pleiades. 


White . 


1 second 


[In the 'W.S.W., 
from about 30 ®| 
to 22° above thej 
horizon. 


In Draco . 


White . 


Colour of thej 
electric light. 


17 seconds .. 


Rome 


Large meteor . 


[Commenced at 6| 
Draconls. 

Commenced 30' 
from the merh| 
diaii in the east, 
which it crossed 
at S. Deck 65° 
(Zen. dist. 42° 
32'), and disap- 
peared behind aj 
hill 50° 15' west! 
of south. 

[From the head ofj 
Bootes^ across! 
the hand of Her 
cules to the hand! 
of Ophiuchus. 
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Appearance j Train, if any, 
and its Duration. 

Length of 
Path. 

Direction; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 

Remarks. 

Observer. 

Like a small molten drop 
falling out of Vega Lyrae. 

11° 

Perpendicular to the 
horizon. 

1 

Ten meteors seen from 
8^ to 30“* p.m. 

J. E. Clark. 




Y 


Id. 

At first scarcely visible ... 

The nucleus was followed 
by a short bright red 
tail, and proceeded by 
three successive jerks, 
apparently gradually 
fading. 

2° 

1 


Id. 

25° 


Seen through light 
clouds, which ob- 
scured the smaller 
stars. A large halo 
of light surrounded 
the meteor, which 
sensibly illuminated 
the landscape. 

Id. 

7° 

Almost peirendicularly 
down. 

Id. 






3° 

Moving towards Cassio- 

Another meteor ap- 
peared above Orion 
at 8“ 45“ p.m. 

Id. 



peiaT 



7® 

Directed from « Persei 


Id. 


ino , . . 

\ 


Id, 

Faded gradually from sight 


\ 






Id. 

X wo uieiicors appt*ttreu 
about the same time. 

10° 

Towards Corona Bore* 


Id. 

Globular, followed by a 
train 9® long, oval and 
spreading at the end. 
Both tail and nucleus 
were as bright as the 
electric light, emitting 
luminous drops and 
silvery sparks. 

Length of 
visible path 
77® 4r. 

alis* 

[? Apparent] motion in- 
clined 17° 40' to the 
ecliptic; retrograde. 

At the appearance of 
the meteor, the com- 
pass-needle oscillated 
15® from the north 
towards the west ; six 
minutes later, a deto- 
nation was beard in 
the south-west. 

^Anglo-Brazilian 
Times,* August 
7th, 1868. Dr. 
F. Massena and 
Messrs. Arsenic 
and Veija. 




Seen also at Civita Vec- 

Mme. Scarpd- 

Jj1K6 a ISTuS Illvvcur ui vut 

November shower. 



chia by Professor Pi- 
neili. 

lini, ‘Annales 
de rObserva- 
toire de Brist- 
elles* for 1868 
-.09, p. 164. 
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REPORT — 1869. 


Date. 


Hour. 


Place of 
Observation. 


Apparent Size. 


Colour. 


Duration. 


Position, or 
Altitude and 
Azirautlu 


1868. 
Aug. 15 1 


h ni 

10 13 p.m, 


Primrose Hill, 
London. 


15 
23 

25 

25 
26| 
25 
25 
Sept. 5, 


10 30 p.m. 
10 12 p.m. 

9 33 p.m. 

10 7 p.m. 

10 49 p.m, 

10 54 p.m. 

10 57 p.m. 

Between 
7 and 8 p.m. 


Ibid . 
Ibid . 

Ibid. 

Ibid. 
Ibid . 
Ibid . 
Ibid . 


=1 mag.if 

=2nd mag.* 

>n 


White , 


White , 


Bright orange, 
then fiery 
red. 


Pic de Sancy, 
France. 


=3rdraag.* , 

|=2nd mag.* 
=3rd mag.* 
=2J mag.* 
mag.* 

Large meteor 


White . 

White . 
White , 


2} seconds ; 
moved 
slowly. 

Moved slowly 


Moved very 
swiftly. 


Orange colour 


Between 4 and 
5 seconds. 


From 337° 4-45° 
to 316 +’60 

From 23°-l.43° 
to 300 4-20 
From 310° +44° 
to 33o +34 


From 301°+29° 
to 335 +31 

From 328° +32° 
to 345 +29 
From ll°+87° 
to 245 +33 
From 30° +65° 
to 126 +01 
From221°+78° 
to 259 +50 
Disap])carc(i ex- 
actly at [5 Ursa3| 
Majoris. 


lAhout 8 0| 
p.m, 
j (Paris time)! 


[Clermont, France 


Large meteor . 


12 seconds , 


8 18 p.m. 
(Paris time) 


Geneva,. 


jMany times largcr| 
than Jupiter. 


Colourless, or| 
reddish. 


Moved slowly; 
about 20"^ or 
30° per sec. 


|A few mi- 
nutes be-| 
fore 8 30| 
p.m., Xu- 
rin lame. 


Aosta, Piedmont 


|Manytimes brighter 
than a 1st mag.* 


Brilliant 
white *, with' 
yellowish or| 
pinkish 
tinge. 


Moved slowly,! 
as if resisted! 
in its flight 


Started from the 
mountains of Fo- 
rez, in the east ; 
passed north of 
Clermont, and 
disappeared be- 
fore reaching the 
mountains of 
Puy de Dome, in| 
the west. 

|Tho meteor passedl 
close hy tj Ursaij 
Majoris. 


[Appeared in the 
east 5 traversed 
the whole visible 
horizon of the 
valley of Aosta, 
towards the 
W.N.W., andl 
disappeared be- 
hind the hills in| 
that direction. 
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Appearance ; Train, if any,| 
and its Duration. 


Length of 
Path. 


Direction; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 


Remarks. 


Observer. 


Left a long tapering streak 


Left a streak like the last 

Left a train on two- 
thirds of its course. 
Threw oft* a few small 


From Radiant, near B 
•i. i 


From the same Radiant] 
as the last. 


This and the next very 
much alike. One] 
more meteor from 
» Aquilae. 


A splendid meteor with] 
perceptible disk. 


Left a slight train 


10 '" 


Left a faint train which] 
faded instantly. 


Downwards to left.] 
From Radiant, near 
Cygni. 

From the same Radiant] 
as the last. 


T. Crumplen. 


id. 

ild. 

Id. 

Id. 

Id. 


Imperfect view 


Id. 


Left a train on about half]25® 
its course. 

The whole length of the 
meteor from the head 
to the point of the 
rocket-like tail 10®. It 
neither changed colour 
nor form during its 
passage, and went sud- 
denly out. 


[Not less 
than 45° 


Direction exactly paral- 
lel to the horizon. 


The meteor gradually de- 
creased in volume as iij 
by the loss of sparks, 
which remained without] 
descending to the eartljj 
along the bright lumi- 
nous streak. This re- 
mained visible on the 
whole of its course for 
some time. 

Drew a long tail, but 
left no distinct streak 
on its course. It did 
not burst, but disap- 
peared gradually in the 
distance. 

Followed by a long taper- 
ing tail of smaller width 
than the nucleus, and] 
losing itself at last in a| 
faintly luminous vapour. 


From due E. to W.. 


Very fine meteor ; colour] L 
very marked. 

The time of its ap- 
pearance was about 
half an hour before 
the moon rose ; a 
very imposing meteor 
both for magnitude 
and steadiness of 
movement. Another 
large meteor was seen 
at Ashford (Kent) on 
the same evening 
(The Times, Sept. 10). 

!.A most brilliant meteor. 
No sound was heard 
after its disappear- 
ance. (See a calcu-j 
lation of its path in] 
Appendix I.) 


B. F. Smith ; 
‘The Times,' 
Sept. Sth, 1868.] 


‘ Comptes Ren-j 
dus,’ Sept. 21st, 
1868. 


Its path was horizontal 


Horizontal 


[The commencement not 
seen, but the light as 
it passed caught the 
observer’s eye. 

|At the same time and 
in the same direction 
(from E. to N.W.) a 
meteor of the same 
appearance was ob- 
served at Moncalieri. 
Asplendid meteor was 
also observed at the 
same time (9*^ p.m., 
Jtoman time) at Flo- 
rence. 


E. Jones. 


|F.Denza;*Stelle| 
Cadenti del 
Periodo di 
Agosto Osser-j 
vati in Pie-| 
monte nel 
1868,' p. 56. 


BEPORT — 18C9. 


Date. Hour. 


ObSL. Apparent Sue. Colour. Duration. 


Position, or 
Altitude and 
Azimuth. 


1868. h m 

Sept, 10 10 11 p.m. Tooting, London 


=3rd mag.* White Very brief 


10 10 33 p.i». Birmingham ... =2ndmag.* Blue 0*5 second 

10 10 50 p.m. Tooting, London =3rd mag.* White i second ... 


1010 51 p.m. Birmingham ... =lstmag.* Yellow 0*25 second. 


1011 1 p.m.Ibid. 
1011 16 p.m. Ibid. 


12 About 11 OPitlochrie 
p.m. (Perthshire). 


. =3rd mag.* Reddish 0*5 second 

. =3rd mag.* Blue ......... I second ... 

= 1st mag.* Reddish white 2 seconds 


12 About 11 Olbid 

p.ra, 

13 Between Ibid 

9 15 and 
10 5 p.m. 

13 Between Ibid 

9 15 and 
10 5 p.m. 

13 Between ibid 

9 15 and 
10 5 p.m. 

13 Between Ibid 

9 15 and 

10 5 p.m. 

1310 31 p.m. Birmingham 


14 About 10 30 Pitlochrie 
p.m. (Perthshire). 


=2iid mag.* ...... White 0’75 second. 

=3rd mag.* Reddish 0'5 second . 


.. S'!:z 

From 222° +40° 
to 226 +28 
M From p Pegasi to 
Aquari. 

.. a=: 

From 180°+70° 
to 188 +57 
From 270° +29° 
to 270 +10 
From .325°— 2° 
to 321 -11 
. From 270°+10° 
to 267 + 5 
. .‘Vfter pursuing one- 
third of its course 
it passed over et 
Lyrae. 

. Close to L Came- 
lopardi. 

. Commenced near «, 
Persei. 


, =3rd mag.* Dull reddish.,. I second Near d Bootis , 


14 About 10 30 Ibid, 
p.m. 


23 9 26 p.m. Ackworth, 
Pontefract 
(Yorkshire). 


=2nd mag.* White 0*75 second ... Commenced near y 

Audromedse, 

=1’J mag.* White 0*75 second... Commenced near 

and below « An- 
dromeda?. 

=2ndmag.* ...... Blue 0*5 second ... Midway between y 

Pegasi and y 
Arietis, 

=:l]^mag.* White Slow motion ; Commenced in 

2 seconds, Gustos Messium, 

Disappeared 5° 

. , below » Persei. 

=3rd mag.* Dull Commenced in the 

square of Came- 
, lopardus, 

=3rdinag.* White 0*3 second ... «s= 

From 280° +8 7° 
to 245 +78 


26 3 26 a.m. Ibid =lsfc mag.* 

(lat.53° 40' W., 

Ionga»tt20«*5.) 


. White ......... 0*2 second ... From 52°+10° 

to 48 + 9 


26 3 27 .a.tn.lbid =2ndmag.* WHte 0*3 second ... Nearp Eridani ... 
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Appearance ; Train, if any, 
and its Duration. 

Length of 
Path. 

Direction ; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 

Remarks. 

Observer. 

Left a streak which in- 


Slightly curved path ... 

Sky clear; no moonj 
careful observation. 

W. Jackson. 

stantly disappeared. 


Nucleus followed by an 
adhering tail. 

IjCft a streak ■which was 


fc’rom Radiant Tatg,^... 


W. H. Wood. 

W. Jackson. 


Stars brilliant ; carefully 
observed. 

immediately extinguished. 


From Radiant Ni2,i3 ... 


W. H.Wood. 

Id. 

W. Jackson. 

R. P. Greg. 



From Radiant B5 




From Radiant 



More than 

Directed from « Cygni 



25 °. 



About 

Directed towards Ursa 


Id. 

Id 

... 

Nucleus phoisphorescent 
and trained. 

Major. 






Like a small nebulous body 

50 

Directed from Ursa 


Id. 


Minor. 


Left a streak 

70... 

Directed towards a Per- 

From Radiant 

Id. 



sei. 




Pell vertically 

From Radiant E in La- 
certa. 

Id. 





.More than 

Directed from Radiant 


Id. 


10 °. 

QGorTi. 



12° 

Directed from Radiant 


Id. 



N 15 (?). 



10 ° 

Fell vertically, nearly 
from the direction of 
Cvgnus. 


Id. 


Ifto 


J. E, Clark. 

Left a train which lasted 
3 or 4 seconds. 


7 

Directed from « Tauri... 


Id. 

“ig It....... 



Left a train for 5 seconds 

i 3 ° or 4 ° ... 


Apparently directed 

from the same Ra- 
diant-point as the 
last meteor. 

lid. 
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KEPOUT — 1869. 


Date. 

Hour. 

Place of 
Observation. 

Apparent Size. 

Colour. 

Duration. 

Position, or 
Altitude and 
Azimuth, 

1868. 

Sept.21 

h m 

) Evening .. 

Troy, U. S. Arne 
rica. 

Large meteor 

Bright ros( 
and red. 

3 10 seconds .. 

First appeared at 
an altitude of 
about 50® in the 
N.E. 

Oct. 7 

About 10 15 
p.m. 

(Paristime). 

Chirac, Lozere, 
France. 

As bright as the full 
moon. 

Like moon- 
light; bluish. 

About 3 secs. 

Disappeared near 
Ursa Minor. 

7 

At night ... 

Liskeard 

20' or 30' in dia- 





(Cornwall). 

meter. 

, 


1 

7 

About 11 30; 

Sandwich 

Large meteor 





p.m. 

(Kent). 





7. 

About 1145; 

Leytonstone „. 

TOworth, ] 

Large meteor 


3 or 4 seconds 

It started from the 
centre of the 
licavens and took 
a southerly di- 
rection. 

Descended to the 
right of tlie 
cluster of stars 
known as Cas- 
. siopeia’s Chair. 

7 j 

p.m. 

iboutlUS^ 

Large meteor 

Purple and red 


p.m. 

London. 



7 

11 48 p.m, ’ 

Mverhampton j 

About the apparent i 
size of full moon. 

Colours of the . 
train orange, 
yellow, and 
blue. 


Disappeared a few 
degrees above 
the northern ho- 
rizon. 
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Appearance ; Train, if any, 
and its Duration. 


Length of 
Path. 


Direction ; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 


Remarks. 


Observer. 


Followed by a very hril-j 
liant train. ’When! 
half way on its course 
it exploded and threw 
out a great quan- 
tity of brilliant white 
sparksj the meteor 
still pursuing its 
course. 

|Left a train of brilliant 
sparks in the form of an 
elongated cone, with its 
base at Ursa Minor. 


At first an ordinary 
shooting-star, expand- 
ing almost instanta- 
.neously to a deep red 
ball ; followed by 
stream of vivid red! 
light, pale bluish near! 
the ball, 1° wide, and' 
20° in length. Be- 
fore disappearing, the| 
ball became bright 
blue, and ultimately 
burst, emitting nu- 
merous luminous 
fragments, which 
were instantly ex-| 
tinguished. i 

[Surprisingly grand and] 
brilliant appearance. 

lA meteor of remarkablel 
brilliancy, which disap-l 
peared suddenly. 


of Ii 


Length 
the brightl 
streak 30°. 


At first it was just like 
a star, and in its coursej 
it increased in a start-' 
ling manner, until at| 
last it reached the ap-| 
parent size of the moonj 
and exploded, scatter! ng| 
rays of light in all di-j 
rections. 


inclined to the horizon 
at an angle of between 
70° and 80°. ! 


From S. to N. 


A magnificent meteor ;| 
seen by many ob- 
servers. 


‘The Troy Whig,’ 
Oct. 1st, 1868. 


The sudden fiash of AhbeTrueizeand 


the light was like 
that of the full 
moon emerging from 
behind a cloud. The 
meteor itself not 
seen. No detona- 
tion heard. Time 
certainly before 10^| 
30°^ p.m, 


From S. to N. ... 
From N. to S. [?] 


.About 15' 
or 20°. 


from nearly S. to N. 


|The heavens appeared 
for a moment to be a| 
mass of fiire. 

[The observer’s attention 
was first drawn to 
the meteor by an 
unusual and startling 
light. 

[The night was very fine 
and clear, and the 
meteor cast an im- 
mense glare around. 
Doubtless the largest] 
meteor ever seen. 

No meteor seen on the 
14th of Nov. 1866 
was equal to it in 
magnitude. The light 
with which objects 
were illumined was 
sufficient for the ob- 
server to have picked] 
up a pin. 


Abbe Boiral 
‘ Les Mondes,’ 
2nd ser., vol.| 
xviii, p. 332. 


The Times,’ 
Oct. 13th, 1868, 


Daily Tele- 
graph/ Oct. 
9th. 

W, H. L. (Ibid). 


H. R. (Ibid). 


W. H. Wood j 
‘ Midland 
Counties 
Express.’ 
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EEPOET — 1869 . 



Date. 

Hour. 

1868. 

h ni s 

Oct. 1 

About 11 50 


(Sussex)* 


Large meteor Blue, then red . 


7xVboutll 50 Ramsgate 
p.m. (Kent). 


A great fireball 


. The body Lasted fully . 
white, and half a sec. 
the tail of 
all the co- 
lours of the 
rainbow. 


7 About 11 50 Wimbledon Very large meteor Red . 

p.m. 


. Lasted several ■ 
seconds. 


7 About 11 53 Gordon Square, Large meteor , 
p.m, London. 


. Lasted only a . 
moment. 


7 About 11 55 Sandown, Coast. At first a small fire- Various 
p.m. guard Station, ball, gradually 
Isle of Wight, enlarging. 


. 2 or 3 seconds First appeared at a 
considerable 
height above the 
horizon, due S« 


7 11 59 54 Belleville, Paris Apparent diameter A.t first white, 7 seconds.,.,*, Massed f^m south 
p.m. 30'. then red. of « Cephei to 

(Paris time) The frag- north of n Ursm 

ments blue, Minoris, and on- 

yellow, and wards between ^ 

green. and y Ursm Mi- 

noris. 


7 About 12 0 Angers, Prance... Large meteor , 
p.m. 

(local time). 


, About 1*5 sec. At an apparent 
altitude ,of 45^ 
above the ho- 
riaon, 
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Appearance ; Train* if any,| 
and its Duration. 


Length of 
Path. 


Direction; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 


Ketnarks. 


Observer. 


The meteor itself not| 
seen. The whole 
heavens seemed to 
be a mass of bright 
blue light followed 
immediately by a 
crimson hue of equal 
brilliancy. 

Rocket-like. A huge fire- 
ball with a flare of light 
like the comet seen at 
London some years 
since. It came silently 
and collapsed suddenly 


jA red ball emitting bright 
sparks, and followed by 
a flaming tail of great, 
length. 


A sudden flash of light likc| 
lightning. 


lit increased from 
small ball, so as, ini 
about two seconds, to| 
obscure the moon 
and burst into “ varie- 
gated stars, springinf^ 
from a body which! 
assumed the shape ofj 
a huge luminous di- 
ving-bell ; I can liken 
it to nothing else.” 
jCradually increased until, 
on crossing Ursa Minor,! 
it burst ; the fragmentsj 
spreadingina cone, 15° 
wide at the base, which! 
was turned towards the 
earth. The meteor at| 
tlie same time turned| 
red, and the fragments! 
were blue, yellow, and' 


The night was clear and; 
frosty. The observer’s! 
attention was attract- 
ed by seeing the sha- 
do^YS of houses clearly 
thrown across the 
parade. 


Descending towards tliej 
earth. 


|J. Fuller ; 
Midland 
Counties 
Express.’ 


[Descended in an easterly 
direction at an angle 
of about 45° towards] 
the horizon. 


A very startling and im- 
posing meteor. The 
whole sky seemed on 
fire. The flash of light 
illumined the interior 
of a room, at Bekes- 
bourne, for 4 or 5| 
seconds. 

|The sky was clear.! 
A vivid flash ofj 
bluish light illumin- 
ed surrounding ob- 
jects, overpowering 
the light of the 
moon, and casting 
actual shadow^s on' 
the ground. 

|A beautiful starlight| 
night. Seen also in 
several parts of tbe| 
metropolis. 

During twenty - eigbt| 
years’ night - w'atch* 
ing, and twelve more' 
spent at sea, no me-| 
teor was before seen 
so large and brilliant. 


From S. to N. 


Adam Dickson 
(Ibid). 


P. H. Lawrence;] 
‘ The Times,’ 
Oct. 9th. 


T. F. P. (Ibid). 


John Burt ; 

‘ Daily Tele- 
graph,’ Oct, 
10th. 


Directed towards K.E... 


lAbout 5"^^ 2S« after its 
disappearance, a loud 
explosion like the] 
bursting of a mine 
in the neighbour- 
hood was heard. 
The explosion was 
heard at Paris also 
by M. Le Bacilly 
[Ibid.] ; and the me- 
teor was seen at 
Dusseldorf, in Ger- 
many [* Les Mondes, j 
Second Series, xviii, 
282]. 

lAn extremely bright 
meteor. No sound 
of an explosion was 
heard. 


Mens, Treme- 
chini; *Comp- 
tes Rendus,’ 
vol. Ixvii, p. 
771, Oct, 12th: 
1868. 


Mons. Morren 
(Ibid). 
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KEPOBT — 1869. 




Place of 
Observation, 




Position, or 

Date. 

Hour, 

Apparent Size. 

Colour. 

Duration. 

Altitude and 
Azimuth. 

1868. 

h m 






Oct. 7 

12 0 p.in. 

[local time). 

niloy Ics Colli, 
Somme, 

meteor 


V^erv brief dii- 




ration. 



France. 





7 

hhovA 12 0 

Brussels, 

Large meteor; 
brighter than 


Very rapid ... 

Disappeared in the 
N.W. 




p.ra. 

Belgium. 




(local time). 


the moon. 




10 

11 10 p.m. 

Binniiigliam ... 

= 2 tidmag.» 

Blue 

P5 second ... 







From 0°4-25® 







to TT Pegasi. 

10 

11 17 p.m. 

Ibid 

■“ 2 nflmag.* 

Dull white ... 






From 4°+ 15° 



Ibid 




to 358 +15 

11 

12 45 a.m. 


Blue 

0*5 second ... 

From 03 to ^ Ori- 
onis. * 

Ibid 



11 

12 52 a.in. 

1 



0*2 second . . . 

asst Sss 

From 75° -3° 






Ibid 




to 74 -7 

11 

1 0 a.ni. 

— -T'.Tr 

Dull 

0*5 second ... 

(lest 

From 60° +22° 






Ackworth, 




to 0 Aurigse, 

11 

7 1 p.ra. 


Red 

1*5 see.; very 
slow speed. 

In the west; 10° 
above the hori- 

Pontefract 






(Yorkskire). 



zon. 

15 

9 22 p.m. 

Tooting, London 

About = 3rd magJi 

jWhiic 

1 second 

«#srs (1 = 






From 26n°+30° 







to 2G0 +15 

15 

9 22 p.m. 

ibid 

About— 3rd inag.« 

■ White 


From (os, y) to J 




16 

7 45 p.ro. 

Wliitby 




. From the star 
to the west 


(Yorkshire). 





[?«] of Andro- 
meda, to about 
the star Alge- 
rith [ ? ] in 
Taurus. 

From « Arictis to 7 

li 

r 12 1 a.m 

.Birmingham ... 

=:3rdraag.^f 

Blue 

OTj second 

1 ' 

ni 58 p.m 

.Ibid 

=s.3rd ma^.* 

fllne 

0*5 second ... 

Pegasi. 

From Orionis to 
V Ceti. 
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Appearance; Train, if any, 
and its Duration. 

Length of 
Path. 

Direction ; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 

Remai’ks. 

Observer, 




The meteoi east a viVid 


Left a luminous streak on 


From S.E. to N.W 

light. A few mo- 
ments after its dis- 
appearance there was 
heard a dull rumbling 
sound like that of a 
carriage rolling over 
a pavement. 

The meteor threw a 
strong light. Seen 
also at Louvain, 
Liege, and Antwerp. 
According to the de- 
scription at Paris, 
a violent explosion 
was heard a few 
minutes after its dis- 
appearance. 

* Comptes 
Rendus,' 

Tol. Ixvii. p. 
771, Oct. 12th, 
1868. 

M. Marchal; 

^ Annales de 
I’Observatoire 
de Bruxelles^ 
for 1868-69, 

p. 168. 

W. H. Wood, 

Id. 

its course. 


From Radiant, y Ceti ; 
or Rj, 2 * 

From Radiant T^, ... 


Foreslior- 



tCMCd 

course. 



Id. 



Fi'orn Radiant 


Id. 



From Radiant, y Ceti 
or U. 


Id. 

Left a streak 

00 


iJ. E. Clark. 

Left a streak which was 


'\ 

This and the next two 

W. Jackson. 

extinguished at once. 

Left a streak which lasted 
rather longer than that 
of the previous meteor. 



meteors were observed 
within a quarter of a 
minute of time. 

No moon; stars verj; 
bright. Another mi-i 
nute meteor was seen, 
almost simultaneous 
and nearly in the 
same position, with 
this one. 

Two other meteors ap- 

Id. 


Directed from the Ra- 

B. Livingstone ; 

' Daily News.' 

W. H. Wool 



diant 0 in Orion. 

From Radiant R^ 

peared at about 11*’ 
p.ra. from the bright 
star in the head of 
Petus [? at Ceti] to the 
head of Capricornus. 


Directed from RadiantO 


Id. 

aiAuaJv 






e2 



836 
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Date. 

Hour. 

Place of 
Observation. 

Apparent Size. 

Colour. 

Duration. 

Position, or 
Altitude and 
Azimuth. 

1868. 

h HI s 



White 

0*4 second ... 


Oct, 17 

10 5 p.m. 

Ack worth, 
Pontefract 
(Yorkshire). 

= 1st mag.* 

«=!! ciss 

From 5®— 17 <> 
to 3 -25 

17 

10 50 p.ni. 

Somerton 

(Somersetshire). 

About=:lst mag.* 

Blight white... 


Disappeared near « 
Draconis, 

18 

12 8 a.in. 

Birmingham ... 

—3rd mag.% 

Dull 

0’5 second .. 

From « to t 
Orionis. 

18 

12 9 a.m. 

Ibid 

> 1st mag.* 

Green and red 

l’.5 sec.; slow 
speed. 

From 55° 0° 
to y Eridani. 

18 

12 23 a.m. 

Ibid 

=3rd mag.5f 

Reddish 

0’5 second 

From ij Eridani 

to 47°-22° 

18 

12 23 30 
a.m. 

Ibid 

=2nd mag.* 

Blue 

1 second 

From /3 to 0 Arietis 

18 

12 25 a.m. 

Ibid 

— Ibt mag.* 

White ......... 

0'5 second ... 

Shot from jn Eri- 
dani towards <•* 
Leporis. 

18 

Between 

9 15 and 

9 35 p.ni 

Tooting, London 

About=3r(l mag.* 

Dull white ... 

2 or 3 seconds 

J ust beyond and 
parallel with 
the south edge 
of the Milky 
Way; near the 
zenith. 

18 

9 54 p.m. 

Birmingham ... 

=3rdmag.* 

Blue ......... 

1 second 

From the Pleiades 
to » Trianguli. 

18 About 10 0 
p.na. 

Tooting, London 

Rather bright me- 
teor. 


Moved slowly 

! 

About halfway be- 
tween the ‘Point- 
ers ’ («, p Ursse 
Majoris) and Ca- 
pcUa. 

18 

10 21 p.m. 

Hornsey Road ... 

Large meteor 

Bright white... 

4 to 6 seconds 

ft passed from a 
little south of 5 
Cassiopeim to i 
(y, Cygni and 
onwards J of 
the way to the 
horizon. 

18 

10 26 p.m. 

Tooting, London 

—3rd mag.* 


.] second 

From between Ple- 
iades and Alde- 
baran, a little 
nearer the former 
than the latter to 
■I («, X) Orionis. 

18 

10 47 p.tn, 

Ibid 

=2nd mag.* : 
larger and 
^ brighter than 
the last. 


1 second 

It began under Ple- 
iades and ended 
between § anil y 
Arietis. 
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Appearance ; Train, if any, Length of 
and its Duration. ' Path. 


I Direction; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 


Left no streak 


8° 1 Kv.H.Wood. 


Left a slight train • 
which vanished im- 
mediately. 


.From Radiant 0 Id. 


Left a streak From Radiant A„ 


. From Radiant A^, F* 


From Radiant Rj , 2 Id* 

, More than From Radiant A^ Intercepted view.. Id. 

10 °. 


Passed slowly, giving out 60* 
a broad but not very 
bright streak which 
was instantly extin- 
guished. 


Left a bright sheet of light .. 
on its course for 1 or U 
minute. 


60° Probably the same me- Jackson. 

teorasthatseen atHorn- 
sey Road at 10** (? 9**) 

21“p.m.; no moon; stars 
less bright than on the 
preceding night. 

From Radiant 0 One meteor in 15 mi- '*• “* tVooq. 

niites; sky hazy; over- 
cast at 10** 45® p.m. 

Its course Almost horizontal, to- Between 10** and 11** Jackson. 

; curved w^ards Ursa Major. p.m. three small me- 

I thus— teors moved on a line 

a few degrees below 
and parallel to Plei- 
ades and Jupiter, the 
second below the first, 

^I*'***!' and the third belgw 

half a de- -(ijig second; aU of the 

S*-’®®* same length of course 

as that line. 

Very fine meteor and T. Blunt; ‘Daily 

fine streak. News,’ Oct, 1st. 


about 
half a de- 
gree. 


. W. Jackson. 


Left a bright streak which . 
was at once extinguished. 


..|In a direction parallel to Caitful obsemtlon Id. 

alinefromijTaurito 
& Arletis. 
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1868 

h m s 



Oct. 18 

10 5S p.m 

Tooting, London 

=3rd mag.-Jf 

19 

7 33 p.m. 

Birmingham ... 

=3rd mag.-*|j 

19 

10 52 p.m. 

Ibid 

=]stmag.if 

19 

1 1 7 p.m. 

Ibid 

=3rd mag.it 

19 

11 10 p.m. 

Ibid 

=2nd mag.'4- 

19 

11 21 p.m. 

Ibid 

= lst mag.it.. 

19 

11 33 p.m. 

Ibid 

=2ud mag.* 

19 

11 40 p.m. 

Ibid 

■=2nd mag.Jt 

19 

a 42 pan. 

Ibid 

=2nd raag.it 

19 

11 42 30 

Ibid 

= lst mag.* 


p.m. 



19 

11 48 p.m. 

[bid 

= Sirius 

20 

12 4 a.m. 

Ibid 

=2nd inag.i( 

20 

12 11 a.ni. 

Ibid 

=3rd mag.5t 

20: 

12 12 a.m. 

Ibid 

=: Sirius 

20 : 

12 17 a.m. 1 

[bid 

=2iid mag.# 

20 : 

12 29 a,m, J 

[bid 

= lst mag.*... 

21 

8 12 p.m.] 

Ibid 

=3rd mag,* 

21 

9 25 p.m.' 

1 

Tooting, London ^ 

=s2nd mag.* 


Commenced a little 

below .1 (jS Au- 
I'igie, Castor). 

.. Pale blue 1 sec. ; slow From ic Cygni to y 

speed. Jdraconis. 

.. Yellow 2 seconds From (Pleiades, 

^ Persei) 

«S=: i5r= 

to 0°-|-24° 

..Blue 0‘5 second ...From 80°-j-90^ 

to tlic Pleiades. 

.. Blue ......... 0*75 second... From ^ to jS Tauri 

.. Pale blue 0*5 second ... From ^ to 9 Au- 

rigie, and 2° fur- 
ther. 

..Blue 0*5 second ...Commenced at /3 

Aurigm. 

.. Yellow I second «= 

From 94°+ 18® 
to 9G +20 

Blue 0*5 second ...From y Orionis to 

<r Eridani. 

Yellow 1 second From ^ Tauri to ^ 

Persei. 

White, orange, 4 seconds From Orionis 

dull red. <!= 

to 148H80° 


Yellow p-5 second ... From ^ Ceti to J 


Piscium, 

• Dull 0*25 second ... Appeared at 

ar= iJrs 

8r/’+i5° 

• White 1 second From 120°+49° 

to 139+45 

• Orange ...... 0*5 second ...From 105°+ 37° 

to m+51 

. Orange 1 second ...... From 0 Geminorum 

to 128°+5G® 

• Blue 0*5 second ... Appeared at 

eisss §sss 

. 20°+5° 

• White 3 seconds...,,. From near r to i 

■ (^, e) Herculis. 
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Direction ; noting also 
Appearance; Train, if any, Length of whether Horizontal, 
and its Duration. Path. Perpendicular, or 

Inclined. 


Remarks. 


. From the direction of W. Jtckson. 

Orionis. 


From Radiant U, or W, H. Wood. 

Left a green train 25° in From Radiant 0 Id. 

length. 


. From Radiant L H or 0 Id. 


Left a streak 


Left a green streak., 


From Radiant 0 Id. 

From Radiant Fa 10*^ 30® to 1U‘30™ Id. 

p.m. four meteors 
seen. 

,20° Towards Polaris, from ...Id. 

Radiant 0. 

From Radiant 0 Id. 


.From Radiant 0 . 


Left a red streak From Radiant 0... 

Meteor showed two The first 5° From an unknown .. 

maxima and minima, foreshort- southern Radiant. 
Changed colour from ened j 

white to red, nearly whole 
disappearing, and pro- path 80°. 
grossing some di- 

stance as a dull object. 

Left a streak of 30° 
in length, the first 

half green, the last 
red, which lasted five 
seconds. 


. From Radiant G . 


.10° Directed towards From Radiant 0 . 

Leonis. 


.From Radiant F,. 


Left a red streak From Radiant 0 ......... For remarks on this Id. 

meteoric shower see 
Appendix III. 

Left a red streak From Radiant 0 From 11^ 30® p.m. to Id. 

** * ' 12*‘ 30® a.m. ten me- 

teors. 

25° 4 Directed towards 0 Ceti, The night of the 20th Id* 

from Radiant Ajg. was overcast. 


Left a broad streak for 2 . 
seconds. 


..'Moon set; sky clear; W. Jackson, 
stars very bright ; two 
faint lightning-fiashes 
in the east between 
9 ^ 1 45® and 10^^ p.m. 
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Date. 

! 

Hour. 

Place of 
Observation. 

A})parent Size. 

Colour. 

1 

Duration. 

Position, or 
Altitude and 
Azimuth. 

1868. 
Oct. 2] 

li m s 

9 49 p.m 

Tooting, London 

= 3rd niag.>^ ...... 

Wliilc 

1 second 

Prom near y Cyan 
iof south bf- 
Lyraj. 





21 

Between 

10 33 and 
10 52 p.m. 

Primrose Hill, 
London. 

~4th mag.‘!J 

Like a Aurigm 

Steady speed.. 

In the N.E.or E,. 

21 

10 38 p.iu. 

Ackworth, 

Pontefract 

(Yorksbiie), 

■-■2nd mag.if 

White 

0-5 second ... 

s 




From 322° -f 12° 
to 317 -f 8 

21 

10 57 p.m. 

Birmingham ... 

= 3rd mag.« 

Orange... 

1 second 

From 258°- 7° 





to 335 -12 

21 

10 57 15 

Ibid 

—4th mag. if 

Oranf>*e 

0‘5 second ... 

0’25 second,.. 

From r/i to 0 Aqiiarh 

21 

p.ni. 

11 10 p.m. 

Ibid 

= 3rd mag.if 

=B 4th mag,# ...... 

Blue 

21 

11 13 p.m. 

Ibid 


0*75 second ... 

2 secs. ; slow 
speed. 

1 second ...... 

From 77° 4-26° 
to 84 +24 

Appeared at 
87°+17'’ 

Appeared at <7 Ceti 

<15= 

From 95°-f20° 
to 1 : Geminorura, 

Shot from « Pegasi 
past a group of 
stars in the con- 
stellation Pisces. 

21 

11 18 p.m. 

Ibid 

= Sirius 

White 

21 

n 44 p.m. 

Ibid 

^Ist mag.# 1 

White 

22 

12 44 a.m. 

Badcliffe Obser- 

At first— 1st mag.#, 
then =2/1. 

Nucleus bright 
white, then 
green. 



vatory, Oxford. 


22 

10 32 p.m. 

Ackworth, 

Pontefract 

(Yorkshire). 

=3rdmag.;f 

White 

0*3 m\ ; rapid 
speed. 

fltKS (isa 

From 12° -13° 
to 2 -17 ■ 

22: 

10 33 p.m. 

Ibid 

—3rd mag.^t 

Whitn 

0*5 sec. ; very 
slow. 

From 362® -7° 
to 351*5-8 





23 

0 50 p.m, 

ibid 


Whito . . 

9 enAAn/)<i 

From 354°+22® 
to 331 +21 

i 
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Appearance; Train, if any, 
and its Duration. 


Length of 
Path. 


Direction; noting also 
v’hether Horizontal, 
Perpendicular, or 
Inclined. 


Remarks. 


Observer. 


Left a bright streak for a| 
second or two. 


Five small .meteors seen,| 
leaving unusually per. 
sisient streaks. 


Length ol 
a line 
from y 
Cygni to[ 
/3 Lyrae. 


S‘.. 


Left a red streak for 2 se-1 
conds. 


Left a red streak.. 


2 °., 


The nucleus was ar. 
rested for a inoraent| 
in its flight and burst. 
It then advanced with 
increased brightness 
until it disappeared. 
It left a luminous 
cloud at the point of 
retardation for twenty 
seconds. 

Left a slight train 


12 ° 


[At first scarcely visible; 
brightened gradually. 


Left a streak 1° in lengthi 


10 

X l< 


122 ® 


>f|Parallel to aline throngh| 
7 Cygni and j8 Lyra. 


Radiant-point about 5° 
below, and 2® west of| 
Persei. 


W. 5ackson. 


I A bright auroral glare T. Crumplen. 
visible all over the 
north and north-east- 
ern sky. 


J. E. Clark. 


\ 


From Radiant 0 .. 

From Radiant 0 .. 
From Radiant Rg.. 


Directed towards v Ori-1 
onis j Radiant 0. 

Fell vertically, from Ra- 
diant A,,, 


From Radiant 0 . 


Close to Radiant-point.. 

Yiew’^ of the path inter- 
cepted 4® above the 
horizon. 

From 101^ 45» to IP 
45“ p.m. six meteors! 
seen. Night of the| 
22nd cloudy. 

[On the same night 
seventeen other me-] 
teors were observed. 


W. H. Wood. 

Id. 

Id. 

|Id. 

lid. 

id. 


B. Lucas ; com- 
municated by 
B. H. Alnatt, 
in the * Sussex] 


J.E. Clark. 


\ 


Id. 


\ 


Another meteor at 9^ 
47® p.ra. moved at 
right angles to this 
one, near p Andro- 
medm. 


Id. 
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Pate. 

Hour. 

Place of 
Observation, 

Apparent Size. 

Colour. 

Duration. 

Position, or 
Altitude and 
Azimuth. 

1868. 
Nov. 2 

li m 

8 20 p.m. 

Primrose Hill ... 

= 3rd mag.Jif 


Very brief ... 

From 358'’+33° 
to 355 4-10 

3 

About 3 15 

p.m. 

Bilston, Staftbrd- 
sliire. 

Large meteor 

White and red 


In the S.N 

3 

About 3 15 
p.m. 

fjearaington 

As lai'ge as a roebet 


Moved slowly 


3 

About 3 15 

p.in. 

Rugby 

Very large meteor 

White, like ig- 
nited mag' 
nesiura. 

Very vapid 
motion. 

Descended in the 
SJH., and disap. 
]>cared on tlie 
verge, of the ho- 
rizon. 

3 

3 

About 3 15 
p.ra. 

About 3 15 
p.m. 

Birmingbam ... 

Ibid 

Appeared as large 
as the crescent 
moon. 

Large and brilliant 
meteor. 

White and red 

1 


Shot across the sky, 
and disappeared 
behind buildings 
in the B.S.E. 

In the S.K, Pell 
apparently he- 
tweeu the spec- 
tatrjv and Yeard- 
ley (‘htirch, i c. 
nearly in the 

V V! li' 

3 

3 17 p.m. 

Ibid 

Shorter axis 
longer axis J of 
the moon’s ap- 
parent diameter. 

Vivid white, 
and red. 

3 seconds.. .... 

CouunetuTd at azt- 
mulh 33“ I'h of 

5., aH. 32^ dis- 
appeared at azi- 
muth 60“ K. of 

8., alt. 10“ or 
12“. Posithms 
measured from 
obsttryed teed 
landmarks. 

4 

8 5 p.m. 

Ibid 

"-Srdmag.^f 

Pale blue ... 

2 sees. ; 8lo%v 
motion* 

dtts 

From 2.3*' -h ^ 
to 20 4-14 
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Direction; noting also 
Appearance ; Train, if any, Length of whether Horizontal, 
and its Duration. Path. Perpendicular, or 

Inclined. 


Left a train on its whole 20° 
course which faded in- 
stantly. 

A white fireball with 

coniet-like smoky tail 
following it. At Al- 
cester it resembled a 
long streak of fire emit- 
ting much light and 
sparks in its course. 


In its course it appeared . 
to have a zigzag form. 


. From Radiant (?)... T, Cruinplen* 


The sun shone, and ‘ Daily 

the sky was almost Post* and 
cloudless. Seen also ‘Times.* 
at Sarsden, Chipping 
Norton, and at Net- 
ting Hill, in London, 
as a large bright 
meteor in the south, 
going from west to 
east. An explosion 
was heard at the lat- 
ter place. 

. Descended towards the [The meteor was also ‘ The Morning 
earth. seen at Northampton, Star.* 

in full sunshine, emit- 
ting bright flames, and 
lasting a few seconds. 

* The Times.’] 

. Rushing downwards ... [Seen also at Hartle- ‘ The Times.* 
bury, as a shining 
silvery light descend- 
ing in the south-east ; 
and at Edmonton, 
moving from the 
south-west towards 
the east. Mr. 'Wood’s 
M.S.] . , 

The wind was high, and ‘ BinmngliaTn 

clouds were passing T^Mly Post.* 
quickly. 

. Directed from the same The meteor appeared * Birmingham 
quarter as the wind, during a strong gale. Baily Gazette.* 
or about W.S.W. to 
E.N.E., descending at 
an angle of 45° to the 
horizon. 


Meteor of a crescent form, . 
like the moon a few 
days’ old. 


.Rushing downwards 


The Morning 
Star.* 


The Times.* 


Binningliam 
Daily Post.* 


The crescent was bright., 
white; the rest, near 
the tail, ruby-red; red 
flames issued from the 
rear, and merged into 
the tail for about 1°. 
The latter 15° in 
length, like smoke in 
sunshine, lasted only a 
moment. Tiic meteor 
flickered in transit; di- 
miuished, and changed 
colour towards ex- 
tinction, as if burnt 
out. 


. Notwithstanding the W. IL Wood, 
bright sunshine, the 
meteor was intensely 
luminous. Had it ap- 
peared at night, it 
wmuld have equalled 
that of the 7th o( 

October. A strong 
gale from W.S.W, 
blowing at the time, 
prevented any sound 
from being beard. See 
figure in Appendix TI. 
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Date. 

Hour. 

Place of 
Observation. 

Apparent Size. 

Colour. 

Duration. 

Position, or 
Altitude and 
Azimuth. 

1868. 

h m s 






Nov. 6 

7 35 p.m. 

Primrose Hill, 

= 2*2 mag.* 




London. 




From 310° -1-33° 







to 293 +23 ; 
beginning at e 


C 27 p.m. 

Aclcivorth, 




Cygni. 

8 

— 1st mag.* 

Red 

4 secs. ; slow 

From about 


Pontefract 



«= cfss 



(Yorksliire). 




3l3°-20° 
to about 







275 -30 

8 

C 56 p.m. 

Primrose Hill, 

•— 1-1- 

Bluish 




London. 




From 290° +37® 

8 

8 18 p.m. 

Ibid 




to 261+11; 
ending near « 
Ophiuclu. 










From 315°-|-i6° 







to 293 +12; 
passing through 

8 

10 51 p.m. 

Ibid 




Dclphinus. 

u=s 

From 50°+23° 












to 33 +14*5 

8 

10 55 p.m. 

Ibid 



0‘8 second ... 

From r)6®+26® 
to 58 +28 





9 

7 22 p.m. 

Ackworth, 

=5 1st mag,* 

Red 

1 second 

From about 


Pontefract, 

(Yorkshire). 




78^+35® 






to about 







81 +33 

13 

10 16 p.m. 

Primrose Hill, 

« 1st mag.# ...... 

White 


From 55®+4(r 
to 91 +29 


London. 




14 

2 33 a.m. 

Madrid Observa- 

Large fireball ...... 


Rather more 

First appeared ho., 
tween \ and ju 



tory (Spain). 



than 1 sue. 







Ursoi Majoris. 

14 

' 9 57 40 

Ackwortb, 


Red 

3 or 4 seconds 

Passed from a little 
above ^ 'I’auri, 


p.m. 

Pontefract, 





(Yorkshire). 

j 



through the Hy- 
ades, above « 
Ceti to P be- 
yond 20 Coti 
(under Jupiter). 




A CATALOGUli 01^ OBSEllVATIONS OE LUMl.VOUS METEOllS. 


245 


Appearance ; Train, if any, 
and its Duration. 


Length of 
Path. 


Direction; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 


Remarks. 


Left a streak on its whole 
course which faded in- 
stantly. 


17 ° 


Left no streak 


Uo° 


Left a very fine streak Very long 
on its whole course path, 
which faded instantly. 



Oscillated in its flight,,. 


A flue swift meteor 


Left a momentary streak. 


Left a faint streak on its 
whole course, 


Left a bright train for half 
a second which faded 
gradually. Kite-shaped, 
thus— 


This meteor and the 
next evidently ra- 
diated from Pleiades. 

Upwards towards « 
Pcrsci. A short path 
close to the Radiant- 
point. 



Left no streak. Brightest 3°, 
in the middle of its 
course. 


Left a fine bright streak 


/ 

Downwards towards the 
l(‘ft. 


[On the night of the 13th 
clear for ten minutes, 
at 9‘‘ 45"‘ p.m, ; no 
meteors seen. The 
rest of the niglit over- 
cast. 

Sky clear about lhi.s| 
time for 15 miiiules, 
No Lfo mefcors ! 


Left a bright luminous 
cloud which quickly 
expanded to a width 
of 6° or 8°, and faded 
in the centre so as 
to form a ring. It 
remained visible ten 
minutes. 

No distinct nucleus. A 
shapeless mass 2° long 
and 10' broad. 


k^or5° ... 


Seen for 
about 80°. 


'rewards « Ursic Majoris 


Emerged at appearance 
from behind a house. 


Observer. 

T, Crumpleu. 

J. E. Clark. 

T. Crumplen, 

Id. 

fd. 

Id. 

i 

L E. Clark, 

T, Crumplen. 
H, Aquilur. 

J. E, Clark. 
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UEPOBT — 1869. 


Date. 

Hour. 

Place of 
Observation. 

Apparent Size. 

Colour. 

Duration. 

Position, or 
Altitude and 
Azimuth. 

I-* QO 

h m s 

1 12 a.m. 
(NewYoilv 
time). 

S’cwbaven, U. S. 
America. 

-■arge meteor 

[Nucleus 
white; train 
greenish 
i)lue ; — at 
I’allKsades, 

T. P. Gill- 
man.] 

[0*5 second; at 
Pallisadcs.] 

Centre of ilic per- 
sistent luiniuoiib 
streak 2"* to the 
right of Jupiter. 

1-1 

5 6 45 

[hid 




Passed 1*^ S. of /3 
Gcininorum, 

a.ra. 

(Newhaven 

time). 





15 

12 20 a.m. 

Madrid Obscrva- 

fiargc meteor 



Between ^ and if' 
Unstc Majoris. 

j 

(local time). 

lory (Spain). 




15 

1 30 a.m.l 

Bahia, Brazils, 
S, America. | 

fiarge rneifOrtr 

i 

1 

1 

A few seconds 

Passed a little N, 

'(local time). 




of lilt) fxinator, 
frotn J'l.S.E, to 
W.N.W, 

15 

G 22 p.m. 

iVck worth, 
Pontefract 
(Yorkshire). 

=2iul mag.-^s 

White 

4 seconds 

ff, zr |1 zrz 


Prmn 

to 314 - 0 

15 

■ C 51 p.m. 

[bid 

-Istmag.iJ- ...... 

Yellow 

0*5 second ... 

Prom r>5''+23'’ 
to C'l -H22 
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Appearance ; Train, if any, 
and its Duration. 


Left a nearly vertical 
streak 5° or 8® in 
length which became 
crooked, the upper part 
towards the right, and 
the lower part towards 
the left, thus — 

j 

n 

It finally became hori- 
zontal, and was still 
faintly visible when the 
clock struck two. 

The central part of the 
train w’as visible six 
minutes, and moved 
towards a little east 
of north, 5° in three 
minutes. 

The nucleus was not seen ; 
but it left a cloud of 
cometic light of varying 
shape, three or four 
times the apparent dia- 
meter of the moon. 


Burst, Left a w'ell - 
defined streak which 
remained unchanged 
for five minutes; then 
gradually faded, and 
rolled itself from W. 
to E, into a luminous 
cloud, brighter than 
the Milky Way, which 
gradually disappeared, 
without moving, in 
fifteen minutes. 


Left a momentary train 3° 
in length, 


Length of 
Path. 


Direction ; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 


Bemarks. 


[50° or 60°; 
at Palh- 
sades,] 


A})parGntly conformable 
to the Radiant-point 
in Leo. 


Tlic meteor itself was 
not seen. Also ob- 
served at Poughkec])- 
sie, Pallisades, Wa&li- 
ington, &c. See Ap- 
pendix I. 


For the height of this, 
and other meteor 
streaks observed in 
the United States on 
the same date, see 
Appendix I. 

Before a telescope could 
be directed to it, 
it disappeared. Pro- 
bably tho streak of 
a meteor as large 
as that which ap- 
peared at 33'" 
a.m. on the prece- 
ding morning. Until 
4*^ a.m., w'hen the 
sky became overcast, 
the number of me- 
teors observed was 
very small. 

The night was clear and 
calm, with a slight 
breeze from the cast. 
Several other meteors 
were seen ou the same 
night, 2-1 hours later 
than the i)rcdicted 
lime of their occur- 
rence. 



Observer. 


II. A. Newton; 
American 
Journal of 
Science, for 
May, 18GD. 


Id. 


M. Aquilar ; 

‘ Lcs Mondes ' 
for Dec. 3rd. 


‘ Glasgow Daily 
Herald.^ 


A. K. Brown. 


S. Thomson. 
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KliPOKT — 1869. 


Date. 

Hour. 

Place of 
Observation. 

Apparent Size. 

Colour. 

Duration. 

Position, or 
Altitude and 
Azimuth. 

1868. 
Nov. 15 

h m s 

8 40 p.m. 

Acicwortli, 

Pontefract 

(Yorlisliire). 

= 2n<l mag.*' 

Wliite 

0*3 second ... 

asrs Itz. 

From 347°+.ir’ 
to 33 5 4" 4 

15 

9 0 p.ra. 

Primrose Hill, 
London. 

= 3rclmag.'>t 

Bluish 

Moved swiftly 

From 72^-5 4- 50'^ 
to 55 4-23 

Dec. 5 

About 10 30 
p.m. 

^^^ancllester 

==3rd ttiag.jf 

Dull white ... 

A rapid flash... 

From 1, Geminoriiiij 
to the bind paws 
of Ursa Major. 

5 

10 45 p.ra. 

Wilinslow 
(twelve milct 
S.S.E. from 
Manchester). 

Urge meteor 

Blue 

About 4 sees... 

Plan of the me* 
tcor’s course a- 
mong the stars. 




5!^ * 

# 

i/het 

on 

ss 

Ctfstajc 





EhS. 

t 

Jl'ffiya. 






1 

Jhtizoji, 


10 

9 32 p.ni. 

Ackworth, 

p,.,„ 

White 

2 seconds 

.From about: 

06=S t^SS! 

57"4-13'> 
to 41 *4- 3 


Pontefract 

(Yorkshire). 




10 

10 8 30 

ri)i(l 


White 

0*1 second ... 

From 40''4^8^ 
to 40 4*7 

' 

p.m. 




10 

10 19 p.m. 

Ibid 


White 

1 second 

From 7l''+17‘^ 
to OG 4-11^ 





i 

10 

10 30 p.m. 

Ibid 

— 2niltnag4< 

White 

1*5 second ... 

From 5.5‘'4-7« 
to 45 —2 





10 

30 44 30 

Ibid 


White 

1 SOi^nnrl 

From 71°4"14® 
to 67 4*10 ! 

1 

p.m. 




1 
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* 

Appearance ; Train, if any,; 
and its Duration. 

Length of 
Path. 

Direction ; noting also 
whether Hoiizontal, 
Perpendicular, or 
Inclined. | 

Ee marks. 

Observer. 


16° 



J. E. Clark. 

Left a faint streak 

15° 

\ 

To riglit; almost hori- 
zontal. 

A very fine bine meteor 
was seen on the 23rd. 

T. Crmnplen. 

R. P, Greg. 


i 


Like the largest kind ofi20° 
sky-rockets. Left a liiicl 
line of fire, and bunst 
into five or six S)>lcn(li<l 
blue fire-balls like Ko-, 
man -caudles. (See the', 
sketch of its apparent! 
course.) 1 


or 25° I 


From about S.W. to A magnificent object 
Inclining I 
slightly duwnwaids. I 


|G. II. Greg. 


Disappeared suddenly ;| 
left no streak. 


22 ° 


Directed from Aldebaran 



A brilliant meteor. Path! 
not quite straight. I 


5 . E. Clark. 



14° 



18(!!)T 



'Evidently not from tlie Id. 
I same Eadiant-pointj 
as the last meteor. 


From the same direction Id. 
I as the meteor at 
32>«p.m. I 


From the same direction' 
as the last meteor. < 


Id. 


I Almost parallel in direc- 
I tion to the meteor re- 
corded before the last. 


Id. 
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REPORT — 1869. 


Date. 

Hour. 

Place of 
Observation. 

Apparent Size. 

Colour. 

% 

Duration, 

Position, or 
Altitude and 
Azimuth. 

1868. 
Dec. 10 

h m s 

10 51 30 
p.in. 

Aclcwortli, 

Pontefract 

(Yorksliirc). 



1 second 

46=! ti = 




From 83“ +16“ 
to 77 +13 

10 

10 57 p.m. 

Primrose Hill, 

— ^ 

White 

Moved slowly 

From 105° +60“ 


London. 



to 105 4-40 

10 

10 58 p.m. 

Ackworth, 

Pontefract 

(Yorkshire). 

— li 

White 

2 seconds 

From 60°+ 





to 50-1 

11 

6 5 p.m. 

12 7 a.m. 

Primrose Hill, 

3rd mag.* 


Swift 

From 81'’+.15° 

12 

London. 
Birmingham ... 

— 2nd mag.* 

Blue 

0*5 second . . . 

to 95 +70 
From Oto TTi Canis 






Majoris. 

12 

12 15 a.m. 

Ibid 

—3rd mag.^iJ 

Blue 

0*5 second ... 

From V Andromc- 





das to p Pegasb 

12 

12 15 15 

Ibid 


Blue 

0*5 second ... 

(l=r 

12 

a.m. 

12 18 a.m. 

Ibid 

-31 

White 

2*5 seconds ... 

From 6° +15® 
to 2 + 9 
From 20® +13® 

12 

12 22 a.m. 

Ibid 

sssSrd matr.* 

Blue 

0*5 second ... 

to 2 0 

From J (« Andro- 







meda?, 7 Pegasi) 
to a Pegasi, 

12 

12 25 a.m. 

Ibid 

-1st mag.# 

—3rd mag.# ...... 


0*5 second ... 

at « S m 

12 

Between 

Manchester 

,,,, 

From 78° +36® 
to 62 +35 
From fi Canis Mi- 
noris to the cluster 
of stars in Cancer. 
FromnearyOrionis, 
halfway toyKn. 
duni. 

From ?) Atirigm to 
Peraei.' 

From Androme- 
da! to f) Pegasi. 
From J (/!e, (sj Ceti 
to ^ Eridani. 
Commenced at o 

12 

12 30 and 

1 0 a.m. 
Between 

Ibid 

ss:3rd mag.# p., 



12 

12 30 and 

1 0 a.m. 
Between 

Ibid 

— Si'draag.# ... 


A rapid lla.sh.. 

0*5 second ... 

3 secs. ; slow 

12 

12 

12 30 and 

1 0 a.m. 
12 32 a.m. 

12 34 a.m. 

Birmingham ... 

Ibid 

« 3rd mac:.# 

=! 1st mag.* 

Blue 

Deep red . ... 

12 

12 43 a.m. 

Ibid 

— 2ud mag.# ,, Tf. 

Blue 

0*5 second ... 

12 

12 46 a.m. 

Ibid 

s=s3rd mag.* 

Bine 

0*5 second ... 

Cani.s Minoris, 
From X Orionis to 

12 

12 47 a,m. 

Ibid 

!>«Siriiis 

White and red 

nine .1 ,,-i , 

2*5 seconds ... 

y Eridani. 

From to S Pi- 
sciurn, and C® 
beyond. 

4S|SKa < 

12 

12 52 a4m. 

Ibid 

3rd mag.# 

0'5 second ... 






Prom 09° -10® 
to Sirius. 
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Appearance ; Train, if any, 
and its Duration. 

Length of 
Path. 

Direction ; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 

Remarks. 

Observer. 


7® 



J.E. Clark. 

A large nucleus; faded 
slowly. 


Radiant doubtful; pro- 
bably from near Po- 
laris. 

Path protDaoly as stated. 
End only well ob- 
served. 

T. Crumplen. 

J. E. Clark. 

21 



'A 


Left a long thin train 
which faded instantly. 
Left no streak 

15° 



T. Crumplen. 

W. H. Wood. 


rigic. 

A few meteors were 
seen on the night of 
the 10th. 

On the night of the lltli 
the sky was overcast 
until ]P‘ 30"' p.m.; 
afterwards clear. 



From Hadiant (t 

Id. 



Prom Radiant Ct/z 

Id. 

Left a faint streak 


Frnm Rnrlinnt fi 


Id. 

fioft no streak...,,. ,,,, ... 


Frnm Rnrliniit T? 


Id. 

Left no streak...... 


Prom Radiant fr , . 

i 

Id. 



From Radiant V PI 


R. P. Greg. 

j 

10° 

Jfrnm Rndiniit f J 


Id. 



Frnm Rndinnt (1 


Id. 

Left no streak..... 


From Radiaut f* ....... 


W. H.Wood. 

r.eft a Sftreak ... ,, , 


From Radiant T, near 
y Ccti. 

Towards ^ PTydra^ 

Path curvilinear 

fd. 


6® 

From Radiant R G 

Id. 



From Radiant L 


Id. 

Nucleus white, w'ith a red 
crescent. Left a faint 
streak Q). 


From Radiant llg, oi’jF*** 


Id. 


From Radiant G 


Id. 
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KEPOllT — 18G9. 


Date. Hour. 

Place of 
Observation. 

Apparent Size. 

Colour. 

Duration. 

Position, or 
Altitude and 
Azimuth. 

1868.1 h m 






Dec. 12 12 53 a.m 

Birmiiigliam ... 

=:2nd mag.» 

White 

0-5 second ... 

a nr Osss 






From 

1 





to 99 + 3 

12' 1 2 a.m. 

Ibid 

=slbt mag.» 

White 

0 75 second .. 

From 275° 4-55'-* 






to 272 4-49 

12 1 4 a.in. 

Ibid 

= 2nd mag.H: 

White . 

0*75 second... 

From 1 85*^ 4-76° 






to i Diaconis. 

12 1 34 a.m. 

Ibid 

— 1st mag.# 

White 

0*5 second ... 

From j] to /3 Le* 






poris. 

1211 56 p.m. 

Manchester 

=2ndmag.jf: 


A rapid flash.. 

Passed through tlie 






Pleiades. 

13 12 21 a.m. 

Ibid 

“3rd mag.)^ 



Passed through the 






Pleiades. 

13 12 28 a.m. 

Ibid 

— 2tKl mag.ij- 

Rose colour ... 

0'4 second ... 

From ^ to tf Tauri.. 

16 6 4 p.iii. 


=3?r mag.* 



flssr d — 


London. 




Prom I9y°4-H° 






to 198 4*32 

24 3 33 a.m. 


=2nd mag.* 


O'S sficond .. 

Coinuionccd at t] 






Tauri. 

1869. 






Jan. I 

Sweden 

Large meteor 




10 7 35 p.m. 

Aberdeen, Scot- 

Half the apparent 

Reddish tinge 

About 1 sec... 

Passed close to Ju- 


land. 

diameter of the 



piter, 



moon. 




Mar.27 9 55 p.m. 

Paris 

One-sixth of the 

Red, envelop. 

Not more than 

First appeared be- 

(Paris time). 


apparent dia- 

ed in a white 

4 or 5 secs. 

tween On])ell« 



meter of the full 

atmosphere, 


and the constcl- 



moon. 



lulion Gemini. 






Grossing the lat- 






ter, ami Guncer, 






and pas.sing a- 






hove Procyoit, it 






disappeared near 






the head of 






Hydra. 

Apr. 3 Between 

Carlisle . r r 



Travelled at a 

Piissimr ftVAi* 

4 0 and 




quick speed. 

city. 

5 0 a.m. 






11;10 1 p.m. 

Moncalierii,. 

N* early as bright as 

Greenish 

Slow speed ... 

From (ji Lcouis to d 

(Turintime) 

Turin, Fled- 

• Jupiter. 



Gorvi. 


niont. 







^ ' 
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Appearance ; Train, if any, 
and its Duration. 


Length of 
Path. 


Direction ; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 


Remarks. 


Observer. 


From Radiant G . 


W. H. Wood. 


From Radiant G a 


From Radiant G . 


Twenty meteors per] 
hour were counted by 
one ’observer. Obscr-j 
vations discontinued! 
at a-m. 

|On the nights of the 
12th and 13th the skyj 
was overcast. 


Left a streak whicli faded! 
instantly. 

Increased gradually 
hrightness ; drew a shortl 
tail of sparks after it.[ 
Left no streak. 

Stonofall at Lake Malar, in| 
the Upland. 


[The meteor burst, and 
terminated in what 
appeared to be three 
glofics of light, each 
about one4hird tbe ap- 
jiarent diameter of the 
full moon. 

At first as bright as Mars, 
it increased to oue-sixth 
of the apparent diamcterl 
of the full moon, winch, 
<wa8 near its path; nume- 
rous sparks, issuing from 
it, produced a luniin{)us| 
appendage; and it slioiie 
linghtly through clouds, 
which ditniued the star? 

Resembled a sbeaf of fire, 
with connected stream-| 
ers of light, wiiich at last 
burst and cast a great 
light around. 


12 ® 


From Radiant L .. 
Directed from Tauri.,. 
Directed from jS Tauri.. . 


10 '^ 


From Radiant G .. 
Directed from near| 
Polaris. 

Directed from o Pcrscii 


From Radiant G . 
From Radiant G . 
A bright meteor . 


Clear sky; no moon. 
No other meteor seenj 
in twenty minutes. 


10° or 15°. 


Not less 
than -10°. 


From N.N.IL to S.S.W. 


From N.W. to S.IS. 


A very brilliant dreball 


A large and ludllinni 
meteor. Fir^t a[»pcar. 
ed at (>=: 

118 ° - 1 - 30 ° 

crossed the 
ecliptic at 111 +21 
disappeared 
at 126 0 


Id. 

Id. 

R. P. Greg. 

Id. 

Id. 

T. Cmmplcn. 

A. S. Ilerschcl. 


Association 
Scientifique 
de France,' 
No. 105. 

!‘ Glasgow Even, 
ing Citizen,' 
Jan. r2th. 


M. Laussedat ; 

‘ Comptfts 
Rendus ' for 
Mar. 2Dtb, 
1801); V(d. 
l.vviii. p. 781. 


From E. to W,. 


Cast a lurid glare oni‘ Glasgow Dailv 


Course not quite 
straight; undulating. 


the landscape, and lit 
up the heavens with 
a singular brightness. 
[The meteor was seen 
nr. the same liour atj 
Manchester.] 


Herald, 

5th. 


April 


FranccscoDenza 
* Bulletins do| 
r Academic dej 
B(dgi(|uc,' vol 
xxvu, p. (i33. 
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REPORT — 1869. 


Date. 

Hour. 

Place of 
Observation. 

Apparent Size. 

Colour. 

Duiation. 

1869. 
Apr. 11 

h m 

10 1 p.m. 
(Turin time) 









11 

10 35 p.m, 
(Turin time) 

Moncalicri, 
Turin, Pied- 
mont. 

Appeared about as 
large as Jupiter. 

Red and green 

Slow speed ... 

11 

About 10 3-1 
p.m. 

(Turin time) 

Bergamo, Italy.. 

Bright meteor 






May 5 

About 11 30 
p.m. 

(Turin time) 

Moncalicri, 
Turin, Pied- 
mont. 




Moderate 



speed. 

15 

3 20 p.m. 

Oxford 

Large meteor 

Pale red ; 
sparks pur- 
ple. 

About 1 2 sees. 

22 

About 9 45 

Vauncs, France... 

Large meteor 




p.m. 

(Paris lime) 




29 

i 

'll 20 p.m. 

Rejrcnt’.s Parle, 
London. 

Very large meteor.. 

Like the elec- 
tric light. 

Slow and 
stately mo. 
tiou. 

f 

f 

11 22 p.m, 

1 

Hurstgreen 

(Sussex). 

As bright as Mars 
or Jupiter. 

1 

I 

Orange-red ... 

Slow speed : 


Position, or 
Altitude and 
A’/iinutli. 


Frojn Regulus to a 
point between 
n and i: llydrce, 
at 

From near j; Urs.T 
Alajoris to near 
X' liodtis. 


First appeared bc-i 
tween y and I 
Lconis. .Disap. 
peared at a pointj 
in Cancer, at 

dz*' 

From near Spica 
A'irt^inis to near 
y Hydra). J)is. 
appeared very 
nesrthe horizon J 


ly before it rcacle 
ed the horizon, 


Uft a louji^ streali 
Stoiiefull at Cle- 
gneiw, 


'From between f/ 
lima Majorihj 
and a (ionniu),! 
it passed or| 
12” to the left 
of Satiu’ii, below 
which point it 
burst. 

rom altitmle a- 
bont 20'^ in 
the souiluwfist 
to about 5^ 
above the ho- 
rizon, Olio point 
more towards 
the south. 
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Appearance ; Train, if any, 
and its Duration. 

Length of 
Path. 

Direction ; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined, 

Remarks. 

Observer. 




Possibly identical with 
the last. 

M. Zezioli ; 
^Bulletins de 
I’Academie de 
Belgique,' vol. 
xxvii. p. 633. 

Burst, with sparks. Left 
a very bright persistent 
streak. 



Two other bright me- 
teors on this even- 
ing cast such a 
strong reflected light 
as to attract the at- 
tention of observers 
who were looking in 
the opposite direc- 
tion. 

Possibly identical with 
the last. 

Francesco Denza 
(Ibid.). 

M. Zezioli (Ibid.) 



Followed by a tail of 
sparks. At a point 
al)out two-thirds along 
its course (« « 197° 
d « -14°), it ap. 
pcared to descend 
below, and be visible 
through a dark cloud. 



Rocket-likc. Appeared 
suddenly. 

FranccscoDeuza; 
Ibid, p, C32, 



Like a large shooting- 
star. It burst into 

what seemed to be 
myriads of jiurple 
sparks, wbich gradually 
vanished. 


W. to P'- FT 


* The Standard,' 



Slones fell at Clcguc- 
' rcc, Vondde, soutli of 
France. [Seen also 

I jit l/Oricut, hy Mons. 

JJourdillon.] i 

fntensdy luminous, 
lighting up the hea- 
vens. Oonimence- 

incnt of the meteor’s 
course not seen. 

, 

May 16 th. 

M. Arrondcau; 

Nudens kite - sliapod. 
jiurst like a rocket, the 
fragments burning out 
gradually. 

1 

More than 
30°. 


‘ Association 
Scicutifk|U(5 
de France,' 

No. 123. 
Coiiimnuieatcd 


by T. Crumplen. 

Disappeared gradually. 
No sparks or streak. 

15° 

Descending obliquely 
towards the left. 

/ 

i 

The sky in that direction 
was quite clear, 

Communicated 

byA.S.lIerschcl, 
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repokt— 1809. 


Date. 


Hour. 


Place of 
Observation. 


Apparent Size. 


Colour. 


Duration. 


Position, or 
Altitjidc and 
Azimuth, 


I 1869. h m 
|May31 10 52 p.m. 


Christ College, 
Cambridge. 


Large meteor . 


Deep yellow, 2 or 3 sectuids 
then orangej ! 

then light! 1 

blue. i 


Krnm I (X, (t) to 
I (>'» r) Ophi. 
uehi, and 8® 
further. Disaj). 
peared behind 
houses. 



31 


About II 0| 
p.iu. 


Battle (Sussex).. 


Larger than any of 
the jilaiiet.s. 


Blight dame-' 
colour. I 


31 


About 11 0 Hurstgreen 
p.ra, (Sussex). 


31 


About 11 0 


p.m. 


llorscmonden, 

Breiicliley 

((vent). 


Appeared nearly as 
large as the full 
moon. 


Yellowish ...I 


Large fireball 


Yellow, red, 
and purple. 


Moderate 

spei'd. 


About 8 sees, 
slow .speeth 


I'Vom some height 
abo\e the S.S.R, 
horizon to very 
near the east ho- 
rizon. 

First ^e('n at alti. 
tud*' 35 ’ or 40® 
in the B.S.li. 
Disappeared he. 
hi lid trees 3® or 
4’ above the 
E.N.K, horizon* 


31 


About 11 0 Wrotham, Maid- 
p.m. stone (Kent). 


As large as the full 
moon. 


Proceeded 

slowly. 
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Appearance ; Train, if anj , Lcngtl\ of 
audits Duration, Path. 


Dirpciion ; notinof also 
whellicr Iloiizonfal, 
Perpendicular, or 
Inclined. 


Remarks. 


Observer. 


The shape of the meteor About 30° Directed nearly from aThe viewofthe last part A. T. Atchison, 
was rounded in front, Serpeutis. of the meteor was 

throwing off flakes of intercepted by houses, 

flame behind. 


Uockot-)ike. Nucleus as '^ic light cast was suffi- J. Ilarmer j 

bright as the Dinm- cient to have picked communicated 

inond light, brightl\ a pin. A clear by A. S. Uer- 

defined in front, draw- night. schel. 

ing behind to a 

short tail with sparks. i 

Disappeared gradually. 

Left no streak. 

A round l)all, which gra- About 50°.. From W. to E About four minutes and Communicated 

dually disappeared with- ^ half after its disap* bvA.S.IIcrschel. 

out leaving any streak pearauce a report was 

or sparks. heard as of a distant 

explosion. 

Like a mass of fire : pear- 45° From W.S.V. to E.N.E. Positions carefully oh- 11. Marriot ; 

gljaped, served by landmarks, communicated 

Five minutes after by A. S, ller- 

thc disappearance a schel. 

report was heard 

which shook the 

earth and made the 

windows rattle. [The 

flash of light and 

the rejiort were per* 

I ceived within doors 

at llorsemonden, and 
at Hawkhurst, with 
an interval of four 
or five minutes be- 
tween them. Both the 
flash and the report 
were double, ~ A. S. II.] 

From S.W. toN.E.,,,... Shortly after its disap- W, E. Hickson. 

pearance three re- 
ports were heard as 
of distant cannons. 

The houses shook at 
Mcopham. Seen gene* 
rallyarouttdWrothaiu. 




REPORT — 1869. 


Date, Hour, Obsemtion Apparent Size. Colour. Duration. 


1869. h m 

May 31 11 2 p.m. Llandudno, N. Large meteor Intense green. . 

Wales. Tail red with 

red sparks. 


33 11 4 p.m. Torquay (Devon- Appeared as large Bright red, 
shire). as the full moon, ’vvith red tail. 

Reflected 
light green. 


31 11 4 p.m. London 


. Very large meteor.. Yellowish ...Moving with 

great velo- 
city. 


31 U 5 p.m. Ibid Large fireball 


31 11 5 p.m. Rickmansworib.. Large meteor; half White, like the About 1 sec, ; 

as bright as the magnesium motion not 
moon. light. Tail verv rapid, 

red. 


31 About 115 Ormskirk (Lan- Large fireball Blue, red, and . 

p.m. casliire). ybllow. 


31 U 14 p.m. Paris Half the apparent White, then 5 or 0 seconds 

(Paris time) diameter of the red. 

full moon. 


31 About 1115 Place du Caron- Barge fireball 
p.m. sel, Paris. 

(Paris time) 


Position, or 
Altitude and 
Azimuth. 


Passed a little 
lielow Arcturus. 
Disappeared 
behind Little 
Dime's Head 
(nearly due 
east). 

First appeared a- 
bout 30° above 
the horizon, a 
little south of 
east, and disap- 
jicarcd below the 
cast liorizon. 


First a])pcared 30® 
above the ho- 
rizon. 


Appeared over the 
houses, moving 
eastwards. 


Disappeared about 
0“ or 8° above 
the horizon. 


Disappeared at the 
horizon. 


Dnnuuenced in Cn. 
nielojuinlus, O'"* 
or H’' west of due 
iHU'tli, at the 
same altitude as 
the three lowest 
stars of Cassio- 
peia, and crossed 
the constellation 
Ihirsfius towards 
Taurus, Disap- 
peared before 
reaching the ho- 
rizon. 

In the direction of 
the Buttes Mont- 
martre. i 
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Appearance ; Train, if any, 
and its Duration. 


Length of 
i’ath. 


Direction ; noting also 
whether Horizontal, 
Ferpendicular, or 
Inclined. 


Remarks. 


Observer. 


A large luminous body, 
drawing behind it aj 
streak of red light 5*^ 
or C® in length, from 
which red lire seemed 
to drop. 

The bright red body left 
behind it a tail of con- 
siderable length, and of 
the same colour as thei 
head. All the sky andj 
the laiid.scape wa^ iiglit- 
ed up with a pale green 
liglit. 


When within 20® of the 
horizon it broke up. 


Brilliant ball of fire and 
train of sparks like a 
comet. Burst into 
several balls, like those 
of Roman candles. 

Sba])ed like a Tadpole, 
The body elongatedl 
and well dcfine(i. Thc| 
tail, which was fiery, 
red, shook, as if vio.| 
lently contorted. 

Like a liall of blaziugl 
tow, emitting llames oij 
1)1 ue, red, and yellow 
light, 

|At Us first appearance it 
increased, almost stati- 
onary, to half the appa- 
rent width, and at least 
the full brightness of 
the moon. As it ad- 
vanced, it drew behind 
it a white tail, and! 
changed its colour toj 
bright rod. 


A bolide, drawing a long| 
fiery tail, and scat- 
tering sparks on its; 
course. 


From W. to E. 


From due W. to E.. 


Immediately after itsi 
passage two brightj 
Hashes of light fol- 
lowed which illu-l 
mined the whole sky. 
Seen by many persoiisj 
on the Parade. 

It did not describe! 
a ])erfect arc, but| 
aliout lialfway 
through its course 
it made a sudden 
rise, when the light 
flashed out with far 
greater brilliancy ; 
after that it again 
tended downwards. 

No sound of an ex- 
plosion was heard, 
(Seen also from the 
bridge in St. James's 
]‘ark, descending ap. 
parcntly into the! 
water ; like a firework | 
at the Crystal Palace. 
--A. S. H.] 

Cast shadows as bnght| 
as those of sunlight. 


Communicated 
by J.B. Dancer 


H. T. Mackenzie, 


L. ; ‘ The Times,' 
June 3rd. 


‘ Morning 
Herald,' 

J line 3rd. 


From W. to E. ; parallell 
to the horizon. 


Fell obliquely down- 
wards, from right 1n| 
left. 


The night was bright 
with starlight ; and 
the meteor appeared 
to fall in a neigh- 
bouring field. 


I 


I The bouses and all sur- 
rounding objects were! 
brilliantiy illumined' 
by its light. 


Fell vertically down-| 
wards. 


T. J. B nekton. 


W. Newsam, 


Mens. Robinet ; 
< Association 
.Scientifique 
dc France,' 
Nos, 12-t and 
12G. 


|Thc same meteor was| 
also seen at Ilavres, 


Lc Temps,' 
June 2nd. 


360 
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Date. 

Hour. 

Place of 
Observation. 

Apparent Size. 

Colour. 

Duration. 

Position, or 
Altitude and 
Azimuth. 

1869. 
May 31 

li ni 

About 1115 
p.in. 

(Brussels 

time). 


Half the apparent 
diameter of the 
full moon. 

Nucleus yel- 
lowish white. 
Tail red and 
green. 


Appeared in the 
W.S.W., at alti- 
tude about 45"^, 
and disappeared 
behind trees, duo 
west, at altitude 
about 35®. 



31 

About 11 15 
p.m. 

Large and brilliant 
meteor. 


Appeared in an 
easterly direc- 
tion. 

(Sussex). 



June 5 

8 55 p.m. 

Greenwich Parle, 

Brighter than Ju- 
piter. 

White 

About 1 sec... 

From near tbe 


zenith to near 
Arctiiriis. 

6 

1 29 a.m. 


s:.3rfi mag.'jfr 

White 

0*5 second ... 

Commenced at 0 




Dracoms. 

10 

11 0 p.m. 

Hawkbiirst 

(Kent). 

« 1st mag.*- 

White 

0*3 see. ; very 
swift. 

From r, Serpentis, 
two-thirds of the 
way to ^Virginis. 

July 2 

Morning ... 

10 55 p.m. 

Littlehampton 

(Sussex). 

Hawkburst 

(Kent). 

Large meteor 



At an altitude of 

7 

•— 1 fit. TYIUJJ 

White 

1 second 

45®. 

From F to 2® fol- 





lowing tc Bootis. 

0 

U 0 p.m. 

Ibifl , 

Isi. itiag.'^ 

Yellow 

1 second 

Comineiu'pd at X 






Aipiilm. 

10 

10 56 p.m. 

[bid 

ss'Srdmag.if ...... 

Yellow 

O'B second ... 

From X norculb} to 




)j liism iMujoris. 

10 

11 7 p.m. 

Ibid 

LyrfO-rt. .--Ttf.-* 

White 

1*4 second 

Conmumced at 0 
Serpentis. 




10 

11 22 p.m. 

11 26 p.m. 

Ibid 


Yellow 

0*8 second 

From A Dracouis 

10 

Ibid 

*= 2nd mag.^^ ...•*• 

White 

0*5 second ... 

to ^ Ursm Mi- 
noris. 

Centre of path at h 
(C, ?i) llerculisr 




11 

10 44 p.m. 

10 49 p.m. 

Ibid 

as 2nd TYiag.* 

White 

0*7 second ... 

From to J of tlic 
way from B Cas- 
sioiieiic to t Ta- 
ramli. 

Commenced at p 
Bootis. 

11 

Ibid 

Bsist mag,*- 

Yellow 

0*5 second 
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i Direction ; noting also 

Length of wliether Horizontal, 
Path. Perpendicular, or 
Inclined. 


Elongated nucleus, draw- The glare which it ‘ Bulletins de 

ing a tail of sparks, cast was so bright PAcademie de 

which was at first red, that a person stand- Belgique ^ for 

and afterwards of a ing at a window, June 1869, vol. 

greenish tinge. facing towards the xxvii. p. 63L 

north, thought that 
it lightened. Seen 
also at Verviers, Tour- 
nay, Stavclot, &c. 

'From W. to E Some who saw the me- ‘SussexExpress,’ 

tcor heard a loud J une 4th. 

report follow its ap- 
pearance. 

Left no streak or sparks... About 15° In twilight. Arctums Conimiinicated 

the only star visible byA.S.Herschch 
in the sky, which was 
quite clear. 

Left no streak 1° Directed towards^ Ursa No other meteor in an A. S. Ilcrschek 

iMiuoris. hour, in a fifth part 

of the sky, Clear; 
no moon. Dawn hc- 

^ ginning to appear. 

Left no streak Curved path, thus— Turned in the middle Id. 

of its path towards 
I Ophincluis. No other 

I meteor seen in thirty 

/ minutes. Sky half 

/ clear ; no moon. 


Burst with the appear- Passed from S. to N. ... A. very brilliant meteor.. ‘Sussex Express,’ 

ance of a rocket. ’ July 6th. 

Brightest at the middle of No other meteor seen A. S. Herschel. 

its course. Left no in foity-fivc minutes, 

streak. Sky hazy; no moon; 

one observer. 

Brightest at the middle of 8° ......... Directed from 0 Scr- No other meteor seen Id. 

its path. Left no streak. pciith. >« forty-five minutes. 

Sky hazy; no moon. 

Left no streak Id. 

Left a streak at the mid- 30® Down the division of Id. 

die and brightest pari the Milky Way. 

of its course for half a 

second. 

Left no streak Id. 


Brightest at middle of its 4® Directed from e Her- Four meteors seen in Id. 

course. Left no streak. culis. forty-five minutes. Very 

clear sky ; no moon. 

Left a streak at the mid- Id. 

die and brightest ])art 
of its course for half a 
second. 

Brightest at middle of 4® Directed from ^ Bootis Id. 

its course. Left no 
streak. 
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Place of 
Observation. 




Position, or 

Date. 

Hour. 

Apparent Size. 

Colour. 

Duration. 

Altitude and 
Azimuth. 

1869. 

li m s 






July 11 

1 1 5 p.m. 

llawkhnrst 

'-'2ud mag.:{: 

White 

1'2 second ... 

From 7 Lyrm to c 

(Kent). 



Herculis, and O'' 
further. 




11 

11 10 p.m. 

Ibid 

~ 2nd mag.# 

Yellow 

0*5 second ... 

Commenced at L 






Camelopardi. 

11 

U 15 p.m. 

Ibid 

=3rd mag.jfr 

Yellow 

O’G second ... 

From 0 Draconis to 







(r, r) Ursje 
Min oris. 

11 

11 17 p.m. 

Ibid 

= 3rd mag.# 

Yellow 

07 second ... 

From A Draconis 




=3rd mag,# 



tf’ /^) Ursie 

Miiioiis, and 4^^ 
further. 

14 

11 7 p.m. 

Ibid 

Yellow 

0‘G second ... 

From ((?, fy) to j8 







Cygni. 

15 

10 42 p.m. 

Ibid 

=2ndmag.# 

White 

0*5 second ... 

From 1 (tf, tt) to t} 
Draconis. 

15 

10 42 30 

Ibid 

= lst mag.# 

White 

0*5 second ... 

From 6 to h (?;, 11) 


p.m. 





Draconis. 

15 

10 56 p.m. 

Ibid 

as Sirius, then = 1st 

White, then 

3*5 seconds ... 

From 1 (ft Aquilfc, 




mag.5t«. 

orange-yel- 


p Delpliini) to 2" 





low. 


following X Cc- 
phei. 

15 

11 20 p.m. 

Ibid 

wUtmag.#.... 

White 

()'5 second ... 

Fh'um i; to Cygni 

15 

U 20 30 

Ibid 

~ 1st mag.# 

White 

0*6 second ... 

From i Draconis to 

i 

p.m. 





0 Bodtis. 

i 

ISj 

11 32 p.m. 

Ibid 

=s^ 3rd mag.* ...... 

1 Yellow 

0*2 second ... 

From to A lira- 



i 

Large meteor 



coniH. 

16] 

About 9 30 

Ibid 

White 

.\bout 2 Mccs... 

Disfippour(‘d about 


p.m. 




l 

10“ abote the 
horizon, due S. 

16 

U 35 x».m. 

Ibid 

1 

White 

0*8 see. while 

From 4“ above y 






in sight. 

Doiphini to 2® 






Total dura- 
tion 2*5 secs. 

west of e Pegasi. 
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Direction ; noting also 



Appearance ; Train, if any, 

Length of 

whether Horizontal, 

Remarks. 

Observer. 

and its Duration. 

Path. 

Perpendicular, or 



Inclined. 



Left a streak for 1 second 




A. S. Herschel. 

Left no streak 

6 ° while in 

Fell vertically. Directed 

A side view, only, of the Id. 


sight. 

from i} (w, y) Cephei. 

meteor was seen. 


Left no streak ...r,T 




Id. 

Left no streak 



Six meteors seen in 

Id. 




forty - five ininutes. 
Very clear sky; no 
moon ; one observer. 


Left no streak 



No other meteor seen 

Id. 




in forty - five mi- 
nutes. Clear sky ; 





no moon. 


Brightest at the rnuhUe of 



Two very similar me- 

Id. 

its couise. Left no 



loors following each 


streak. 



other, almost imme- 
diately, in the same 


Brightest at the middle 



part of the sky. 

Id. 

its course. Left no 
streak. 





In the first half of 

45® 

Almost vertically up- 

A vei 7 striking meteor 

Id. 

its course a bright 
white meteor equal to 
Sirius, leaving a slight 
streak; then collapsed 
to a yellow first -mag- 


wards to the zenith. 



nitude star, drawing 
a short tail of red 





sparks ; it disappeared 
suddenly. 



This meteor and the 

Id, 

Brightest at the middle of 



its course. Left no 



next followed each 


streak. 



other in quick suc- 





cession, 


Brightest at the middle of 




Id. 

its course. Left no 
streak. 


^ 



Left no streak 




Id. 

No sparks or streak ; dis- 

15° or 20° 

Nearly horizontal 

In twilight. Very bright 

Communicated 

appeared gradually. 


meteor; seen by se- 
veral persons* 

byA.S.HerschcI. 


Globular nucleus, with 

8 ° or 10 ° 

Directed from near ?/ 

Two rapid white flashes 

A. S. IIcrscheT. 

very quickly intennit- 

wliile in 

Cygui. Radiant B 3 , 

in one second drew 


tetit light. Disappeared 
suddenly. No streak or 
sparks. 

sight. 

in head of Draco. 

the observer’s atten- 
tion to the meteor. 
The final part, only, 
of the meteor’s course 
was seen, in a clear 
space between clouds. 
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kepom — 1869. 


.p. . tt of 

Date. Hour. observation. 

Apparent Size. 

Colour. 

Position, or 
Duration, Altitude and 

Azimuth. 

1869. h m 

July 16 11 35 p.m. Kensington, 
Loiulon. 

i 

Splendid meteor... 

Light of in- 
tense white- 
heat. 

Immensely Shot from the 
lapid, zenith towards 

the S.S.D. 

1 

1 

1611 35 p.in. fn tbe north of Urge meteor 

Loiuiun. 

1 i 

1 

1 

1 

Nucleus quite! Rapid motion 

white. j 

1 

1 

16 11 30 p.m. Beckenham 
(Kent). 


Ueddisb- 

yellow. 

1 

1 

i 

1 or 2 seconds Disappeared about 
I"-' to the right 
of Pegasi, 

17 10 34 p.m. Ilawlihurst 
( Kent). 

ii-2nd mag.» 

Yellow 

0*6 second ..-Disappeared at j* 
Draeonis. 

20 9 35 p.rn. New York, 

(local time). United States 

Half the apparent Kmerald- 

5 seconds Kirst appeared a. 

diameter of the 
moon. 

green. 

bout above 

the N.K. horizon, 

- at a point 16' 

north of « Cygni,' 
and disappeared 
in a N. by W. 

21 a 40 p.m. Ibid 

=2ndniag.5K ..... 

Yellow 

direetimn 

O'O second ... Disappeared at e 
Tarundi. 

Aug. 3 9 10 p.ra. Brieg, Vallais» 
(Geneva Switzerland. 

»lst mag.# 

White 

1*5 sec. ; slow Froui ^ Cassiopeia* 
motion. to y I’crsei, 

1 

i 

time). 
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Appearance ; Train, if anyi 
and its Duration. 


It began in a thin streah 
of red sparks, and ra- 
pidly increased to its 
greatest splendour; of 
an intense white heat, 
giving off jets or spnt- 
terings of light, on its 
whole course, from both 
sides of its body. Its 
'disappearance was ex- 
tremely sudden, as if 
its substance were 
wholly consumed. For 
a second there w^as left 
a train of sparks. 

The meteor’s path was 
not continuously illu- 
minated, but appeared 
broken, for quite half 
the length of its 
flight, into a train of 
brilliant sparks. It 
terminated in an ex- 
plosion of vivid incan- 
descence, dividing the 
principal mass into 
smaller bodies, which 
were very quickly ex- 
tinguished. 

By a glance at the meteor, 
at the instant of its dis- 

, appearance, it was of 
this form s— 


if 

j&i 

i|.eft no streak 


nucleus was followed 
by a train of red, yellow,! 
and blue light. Disap- 
peared without bursting.! 


Direction ; noting aRo 
Length of whether Iloriiontul, 
Path. Perpendicular, or 
Inclined. 


The whole 
.course of 
the me- 
teor WMS 
extremely 
short. 


From N.N.W. to S.S.E. 


Very briel 
course 
while in 
sight. 


fThe 


prolongation of the| 
brief stage of its ap- 
parition which was 
visible was directed,! 
apparently, from A-| 
quila. 


18 °,. 

I 

30 ° 


Directed from e Lyras... 


Eemark.'i. 


The sky was very clear, 
and the meteor was 
well seen from first to 
last. No sound of a 
report was heard. 


The atmosphere was 
quite clear and calm. 
No sound of a report 
was heard after its 
extinction. 


Tw'O flashes in quick 
succession, with half a 
second between them, 
like faint lightning 
reflected upon sur- 
rounding objects, drew' 
the oliserver’s atten- 
tion to the meteor. 
No sound was beard. 


The meteor cast a strong 
shadow, even during 
moonlight. 


Observer. 


The Duke of 
Argyll ; * The 
Times,' July 
21st. 


John Spiller ; 
*The Times,' 
July 21st. 


'F. Ilowlett. 


A, S. Ilei'schel. 

Communicated 
byll, P. Greg. 


Brightest at the 
its edfrse. 
streak. 


middle of 
Left no 


10 ° 


Stellar nucleus. No train 
or sparks. 


Directed from <r Cephei 


After midnight meteors 
frequent (one in two 
or three minutes in 
half the sky). Radiant 
Cassiopeia, Perseus, 


Sky quite clear. No 
other meteor iu fifty 
minutes seen in J of 
the sky. Full moon ; 
one observer. 

Another meteor appear- 
ed very shortly after- 
W'ards in Andromeda. 
Very clear sky. 


A. S. Ilcrschel. 


Id. 


and Auriga. 



mi 


T 
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Bate. 


1869. 
Aug. 4| 


Hour. 


h ,«] 1 

I Evening ... 


8 45 p.m.j 


10 37 p.m. 

10 38 p.m, 
10 43 p.m. 

10 48 p.in. 
10 55 p.m, 

10 59 p.m. 

11 0 p.m. 
U 5 p.m. 


Manchester 


Lncme, 

Switzerland. 


Birmingham 


[bid, 

|Ibid. 

i 

Ibid . 
rind . 


11 12 p.m. 


9 


lAbontllll 
p.m. 


11 16 p.m. 

11 19 p.m. 

About 11 20 
p.m. 

11 24 p.m. 

About 11 25 
p.m. 

9|Al)ont U 30| 
p.m. 

A^\p8 p.m, 

11 Si) p.in, 


9 


Al‘out 
50 11 48 
p.m. 


Place of 
Observation. 


nawlclnirst 

(Kent). 

Birmingham 
Ibid 


Ibid. 


hlHawhhiii’St 
(Kent). 


Birmingham 
Ibid 


Hawklmrst 

(Kent). 

Biriniiigbam 


Ilawlvhurat 

(Kent). 


Ibid . 


Birminglmm 
Ibid 


Hawhhurst 

(Kent). 


Apparent Size. 


= 2ud or 3rd mag. J 


Sirius 


= 3rd mag.«- 


s=lst mag.9t... 
SB 2nd mag.Tf 

!>l3t mag.^t 

2nd mag.* 
1st mag.Jk.,, 


>lst mag.* 
>1.3tmag.* 

1st mag.4s... 
«Uimag.* 

3rd mag.* 
3rd mag.Hs 
> a Lyrm .. 


>lst mag.* 
=fliCygm .. 
-a Lyrm 


Colour. 


White . 


Pale blue., 


Pale yellow . 
iWhite 


Brilliant blue. 
White ........ 


Yellowish- 

green. 


Pale blue 

Pale yellow .. 


Blue . 
Bluish . 


Blue 

Blue 

Pale yellow . 


Duration. 


1 second .... 

0*5 second . 

0*75 second , 
0*5 second . 

0-5 second . 
0-75 second . 


0-5 second . 
!0'5 second . 

0*75 second . 


I second , 


I sec. ; slow 
Bpmnh 


Yellow,,*.. 


Swift 


*3rdmag.* 

= 2nd mag.* 


iVellow . 

Blue , 
Blue . 


> 1st mag.* Greenish- 

white. 


1 secmud , 


0*5 second ... 

I sec, ; slow] 
motion. 


Position, or 
Altitude and 
Azimuth. 


From ^ Ilonorumj 
to TT Pegasi. 


a= <.1==: 

From 24® 52® 
to a Triangiili. 

From r/) to w Ca8-| 
siopeim. 

oerj; (irs 

From 18'’4.42® 
to 17 +27 

From ^ to ju An-j 
drotnedm. 

From « Pegnsi to «| 
A({Utti'ii. 

Passed between s 
and /•! Androme- 
} near the cast| 
horizon, 

From « l.yrm to «| 
Ophiuchl, 

From I (», (1) Urs!u| 
Mojoris, 

ttm tlwit 

to 180 ®+ fir 

From y to I (/I, 9)| 
Pei’sei. 

Close to, and almost I 
aertiss pt AudrO' 
lueduj, 

t'Vom X to /i PerseF 

Frotti ^ (y» X) to 0| 
Aquarii. 

From JuHt; below n| 
to ^ Pegasi. 

«?i» i^m 

From 

to Atpmril. 

Commenced at i 
Atpiiliu, 

Passed near ^Ca- 
mdopardi. 

Commenaed at 
Pisdum, 

Pirn $m 

From 23®+ 22* 
to 29 423 

From ^ Hoiiorcs to| 
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Appearance ; Train, if any,] 
and its Duration, 


Lengtii of 
Path. 


Direction ; noting also | 
whether Horizontal, 
Perpendicular, or 
Inclined. 


Remarks. 


Observer. 


I Seven meteors seen in fifty' 
minutes. 

[Left a streak for 1 second i 


Left a reddish streak . 


|Left a green streak...... 

Left a streak 15° long 
Left no streak 


Left a red streak . , 


Left a broad green streak] 
Left no streak ........ 


Left a dense streak 

Left a streak 

Left a train for second] 


Left a long streak 
Left no streak ... 


10 ® 


Grew rapidly brighter, and 
left a faint streak for I 
a second. 


3°.. 


Left a streak 


[Left a streak on its course 
as far as i Pegasi for half 
a seCDiid. 


Two of them, .only,| 
were directed from; 
Perseus. I 

Patli curved, concave! 
towards Lacerta. I 


Directed from e Cassio-i 
peiae. I 


Directed from e Cassio. 
peia;. 

Directed from e Cassio-i 
peim. 


Directed from % Persei. 
Directed from y Persei. 


Directed from c Cassio- 
peia?. 

Directed from rj Persei. 


Very clear sky ; no 
moon ; one observer. 

No other meteor seen 
in twenty minutes, 
until 9 p.m. Sky 
one-fifth cloudy; no 
moon. 

Clear sky 


through a raasBive| 
cloud. 


Directed from y or k] 
Persei. 

Directed low^ards Cas.| 
siopeia. 


Directed from t] Persei. 
From Radiant To. 3 , i ... 


Directed from y Persei. 

Directed from y Cygiii. 

Directed from 7 , Per 
sei. 

Directed from 1 / Persei 
From Radiant T^. 


R. P, Greg. 

A. S. Herschel 

W. IL Wood. 

td. 

Id. 

Id. 

Id. 


Disappeared behind a] 
cloud. E.\act obser- 
vation. 


Communicated 
by A. S. Herschel 

W. II. Wood. 

Id. 

Id. 

Commiuiicated 

byA.S.lIerschel.l 

W. n. Wood. 

Id. 

Communicate d 
byA.S.Hmc he 

W. IL Wood. 


Seen tlu-ough a sliglit 
cloud. 


jSixteen metcor.s counted 
in one hour by one] 
observer. 

Exact observation . , 


ICommutticated 
byA.S.IIersohcl 

Id. 


W. IL Wood. 
Id. 


Communicated 
1)\ A.:S.Ucrsehel 


T 
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D.ta. Hour. Qb'aervatfon. Apparent Size. 


Duration. 


Position, or 
Altitude and 
Azimuth. 


1809. h m s 

Aug. 9 11 55 p.m. Mawkhurst 
(Kent). 


>lst mag.5|! 


. Asuddcn flash; Near fZCamelopardi 
second. 


1012 3 a.m. Ibid, 


. Nearly = Capclla ... Whitish-green Nearly 2 secs, From y to /3 Cas- 

siopeijc, and on- 
wards as far as 
0 Lsicerue. 


10 About 12 20 
a,m. 

rhid 

>lstmag.'» ...... 

Green 


Commenced he* 
tween |3 and j; 
Cygni, and shot 
across Dclphinns. 

10 0 31 a.m. 

(bid 

>-lstmag.'if 

Greenish 

Nearly 1 sec. 

Close to the left 
upper side of the 
Clusf.cr at % Per- 

10 9 57 p.m. 

Birmingham ... 

=:lsttnag.)f 

Greenish 


From 9 Sngittm to 
(T Aquilm. 

10 11 7 p.m. 

Chalons, Sur 
Marne, France. 

= Utmag.# 

White 

1 second ...... 

From i(F,K)ncr. 
culis to p Tauri 
Pouiatovii. 

10 11 12 p.m. 

Ibid 

=3rdmag.» ...... 

Yellow 

0-5 second ... 

Disappeared at 0 
Serpentis. 

11 10 27 p.m, 

Birmingham ... 

=3rd mag.* 

Blue 

0*5 second ... 

From 1 UrsaJ 

Majoris, Cor Ca- 
roli),to CorCa- 
roll. 

11 10 30 p.m. 

flawkhurst 

(Kent). 

s=3r(l rnag-sK 

White 

0*8 second ... 

From B Hcrenlis to 
t» Ddphini. 

11 10 31 p.m. 

Ibid 

sslst mag.»i» ...... 

White 

1 second 

Croa.sed E Psallerii 

11 10 31 p.m. 

Birmingbam ... 

5=2n(lniag.* 

Blue 

0*5 second ... 

From <r, to ^ Gram 
Majoris. 

11 10 35 p.m. 

Hawkhurst 

(Kent). 

sslstmag.jn 

Green ......... 

1 second 

Passed rt and <b 
towards 1 Dm* 
con is. 

11 10 37 p.m. 

Ibid 

=2ndmag.sft ...... 

White ......M, 

1*2 second ... 

From n Cygni to c 
Didphini. 

11 About 10 40 

Ibid 

s=lstmag,* ...... 

Green 

0*75 second... 

From 1 (Polaris, 


t!«’}djei) to V 
Dracouis, and 
sorm? degrofib 


11 

10 41 p.m. 

Ibid 

=2n{l mag.* ...... 

White ......... 

0*8 second 

From y lo ic Cephei 

11 

10 44 p.m. 

Ibid 

=3rd mag.* 

Yellow 

1 sec. *, alow 
speed. 

From « Delphitii, 
halfway to // 
Cygni. 

11 

to .44 30 

Ibid 

5=3rdmag,* ...... 

White 

0*5 second ... 

Commenced at <! 
Pegasi. 

11 

10 45 p.m. 

Ibid 

=lstmag.5|e... ...... 

Wljitc 

0*8 second ... 

From e llerculis to 
«s Ophinchi. 

11 

, Abo^J!tl045 
p.m, 

' ibid 

2nd mag.* 



From ^ Honorum 
to Pegasu 
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Appearance ; Train, if any, 
and iis Duration. 

Length of 
Rath. 

Direction ; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 

Remarks. 

Observer. 

Grew gradually brighter... 

Very short 
; path. 

i 



Coinniiinicatcfl 

Left a fine train in the 


E.\*act observation. 
Three more conform 
able meteors, very 
swift, ill Aries, Del- 
phinns, and Cygnus, 
were seen before 12*‘ 
40*” a.ra. 

by A. S. Her- 
schel. 

Id, 

Id 

first part of its course, 
from 7 to j3 Cassiopeiffi, 
for half a second. 

Ijfift no streak 

10*’orl2“... 


Left a short hut very dense 
and distinct streak of a 
greenish-blue colour for 
half a second. 

Left a green streak for 2 
seconds. 

Loft a streak for 1 second 


Directed towards 9 Cas- 
siopeiai. 

Directed from c Cassio- 

A very well-defined and 
beautiful object. 

Id. 

\V. H. Wood, 



peim. 

About half of the sky 
overcast. 

A. S. Ilerschel. 




8® 

Directed from 5 Vulpc- 
culm. 

Directed from y Persei.. 

Five meteors seen in 
30 minutes iu -^th ol 
the sky; generally 
clear ; no moon. 

A very fine night 

Id. 



W. II. AYood. 




A. S. Ilerschel, 


8^ 

Directed from % Piscium 


1(1. 




11. Wood. 

i eft a streak for half a 


L/iiCCUU ilOin » 1 Ciovi* 


Doiuiminicah’d 

second. 




liyA.y.Uerschcl.' 

f fi ftir 1 




A. S. llersdicL 

l9vAVUi» A cUwUUU 

Left a streak in the first 
part of its course. 


Towards 7 Drat ouis ... 


Comniuiiicatcd 




hyA. 8. Ilerschel. 

Left a streak for 1 second 




A. S. ircrschel. 

Gradually faded out. Left 
no streak. 1 



From a southern Radiant 

Id. 

5® 

Directed from /5 Cygni. 

Id. 



Left a streak for 2 seconds 


L... 

Id. 

Left no streak 

12° 

i 


Poniniunicnlcd | 



1 

i 

1 

1 

hyA.S.Uerscbeli 

i 
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Date. 


Hour. 


Place of 
Obsei vation. 


Apparent Size. 


Colour. 


Duration, 


Position, or 
Altitude and 
Azimuth. 


*1869, 
Aug. 11 

11 


h in s 

About 10 45| 
p.iu, 

lAbout 10 loj 
p.m. 

About 10 45| 
p.m. 

About 10 50 
p.m, 

10 54 p.m. 

About 10 55 
p.m. 

10 56 p.m.j 

10 58 p.m 


Ila^'ilvburst 
(Kent), 
rind 


Ibid . 
Ibid . 


11 

11 

11 

11 

11 

11 

11 

11 

11 

111 

11 

12 : 


11 5 30 
p.m. 

11 10 p.m.| 

a 17 p.m 

a 17 30 
p.m, 

a 26 p.m. 


a 30 p.m, I 

a 30 p.m, 

a 31 p.m. 

a 51 p.m. 
a 57 p.m. 


a 58 p.m. 
a 59 p.m. 

12 2 a,mJ 


Ilawlibursi 
(Kent). 
Ibid 


Ibid. 


llawkhurst 
(Kent). 
Ibid 


Birmingham 
Ibid 


Ibid . 
Ibid . 

Ibid. 


=:3rd mag.^j 
=2nd mag.sfc 

—2nd mag.-» 


White , 


White 


Birmingham ... 
Ibid 


Birmingham .. 
Ibid 


Ilankhnrbt 

(Kent). 

Birmingham ... 
Ibid 


= lst rnag.if... 
= 3rd raag.if 

=3rd mag.jt 
>2nd mag.jf 

~2iid mag.* 

=3rd mag.* 
^3id mag.-jj , 
“1st mag.* . 
-Sirius 


>lst mag.* 

—3rd mag.* 

:3rd mag.* 
:2iid magvs 

: 1 st raag.* 


White , 


Dull. 

Blue 


Green 

I Green 
Green 


|0’7 second ...|riom cl Cygni to y 
^ Lyrm. ’ 

From under /3 An- 
dromedm to under] 
y P^igasi, 

0*7 second ,,.|From k Cygni to 6 
Ilerculis. 

Passed close to h 
Lacertte. 

|0'5 second Commenced at I 
Ursjc JMajoris. 
Centre at .J (« 
Ccpliei* Q Da* 
ccrtic). 

Shot across y Cygni 


! While 

White 

Deep blue 


From ^ (« An. 
dromedte, (i i’e- 
gasi) to /3 Tri-| 
anguH, 

jCoinincnccd at I 
Andro* 

nioda;, 

I second iFrom .J (y, 0) to r 

Andromodm, 

0*5 second ...jCommciieed at y 
P<‘g:asi. 

Slowspccd ...jContrc at K llcr-i 
I rulis. 

Fully 1 sccondiFrnm a Ccplici to| 
between y and e' 
Cygni, disappear, 
ing close to * 
Cygni. 


0*5 second 
0*75 second... 
Swift 


> 1st mag.* ; Deep blue 

i 

j 

= 3rd mag.* ...... 'Blue 


From 30/'' M 9'’ 

P) 291. 1*13 
From Cygni to] 
u ^ d- ' 
27H''+.12'^ 
P.isHod near y Trb| 
ungulu I 


jO*75. second ,..iFj'«»m w CaK.Htope' 
to (i Pegasi, 

|0‘5 Hticond ...jFrom p CasHiopeia', 
to i Andromeda',] 
, nnd 5*' fmtlmr. j 
0*5 second ...'fhmim of path ati 
I ?ArietK 

'0*75 second.., I 

From 37"*P2B' 

|0o second ...icfoinmeuml at 
(» Arietis, & Tri» 
aiiguli)» i 
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Appearance ; Train, if any, 
and its Duration. 

Length of 
Path. 

Direction; noting also 
whether Hoiizontal, 
Perpendicular, or 
Inclined. 

Remarks, 

Observer. 

Left no streak 




A. S. Ilerschel* 

Communicated 

byA.S.herschel. 

A, S. H jrschel. 

Communicated 

Left no streak 




Left a streak for 1 second 





Directed on a line from 


Left a streak 

25'= 

« Cygni to « Andro- 
inedae. 

Directed from e Cassio- 
peiae. 

On a line from (3 Cas> 
siopeiaeto e Cygni. 

Towards a Aquilse ...... 


byA.S.Her5chel. 

W. H. Wood. 

Communicated 

byA.S.Herscliel. 

Id. 

Id. 

Id. 

W. 11. Wood. 

1(1. 

1 

Communicated 

byA.S.Herscliel. 

Id. 

W. ll Wood. 

Id. 

Communicate 1 
by A# S. H ir* 
sdiel, 

W. IL Woid. 

Id., 

Id. 

Id. 

Id 

1 

L.._ 

Left a streak 2® in length 

8® 








Fell vertinally 


Left no streak 


Directed from ij Persei.. 


Left a streak 


Directed from Persei.. 


Left a streak about 8® long 

Left no streak 

S^orlO”... 

Directed from « Cjgni... 


Left a green streak for two 
becoiuls. 

Left a green streak for two 
hticoiids. 

Left no , 


From Kadiant Rj 

Directed from Persei.. 

Directed from x Persri.* 

Tins meteor and the 
next appeared within 
3 seconds of each other. 

Left a streak 



(.^eft a green streak . * > • * « « 


Directed from Persei, 
or from Hadiaut Ta»;„ 4 * 


The meteor flickered .i 


fulermitlent light 

Intermittent light 

The particulars of many 
minute meteors seen 
on this night are 
omitted in the preHcnl 
list. 

The meteor flickered 

5® 

Dii’ected from y Pensch. 

Directed from « Persei. 

1 
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APPENDIX. 

I. Meteoks Doubly Obseeveb. 

Seveeal of the largo meteors described in tbo foregoing catalogue having, 
from their extraordinary brightness, attracted the attention of observers at 
many i)laccs in England, as well as in neighbouring places on the Continoni., 
to which the course of their aerial flight was more immediately directed, the 
comparison of the accounts affords, in some instances, approximate estimates 
of the real heights and distances of their luminouB paths. 

The course of tho largo meteor seen in central Erance on the evening of 
the 5tli of September, 1868, although imperfectly determined hy tho English 
observations in Auvergne and at Genova, must yet have been little less than 
100 miles in length over tho valleys of the Seine, tho Yonno, and tho Loire, 
north and west of the mountains of Cote d’Or and Auvergne, directed, ap- 
parently at no great inclination to the horizon, from north-east to south- 
west, at a height of upwards of fifty miles above tho earth. In the absence 
of more complete descriptions of its apparent course, only the general direc- 
tion of its real path and the nearest departments of Franco (Yonno and 
Cher) over which the meteor must liavc been conspicuous can be pointed 
out. Tho very distant observations of the same meteor at Aosta and Florence, 
however, indicate for tho earlier portion of this meteor’s flight a far more 
extraordinary length of course than is common among largo fireballs. Tbo 
following notice of a careful study of its real path and altitiido will accord- 
ingly be read with more than ordinary interest. (See Compics Kendus for 
August 3, 1869, vol. Ixix. p. S36.) 

^‘Meteors. — In a paper addressed last week to tlio French Academy of 
Sciences, M. A. Tissot examines tho circuinstanccs accompanying tli(^])assnge 
of the remarkable bolis of the 5th of Soptombor, 1868. It was seen to pass 
over Belgrade, Layhach, Bergamo, Saulieu, Civray-sur-Chcr, and Mettray^'^'. 
At Bergamo, M. Zczioli found that in 17 seconds it described an arc, the 
extremities of which were rospoclivcly, in right ascension 17*^, IST. declin. 
3® ; 11.A. 202°, N. deed. 27°. At Tremont, M. Maguin, while obscu'ving 
Jupiter, had at one moment both the planet and tho fireball in the field of his 
telescope. M. 'Mugnier at Baulieu and M. Badiller at Civray-sur-Cher both 
saw it in the zenith. Letting alone the two latter data, wlueli are somewhat, 
uncertain, there is just enough left to enable us to dotormine the position of 
one point of the meteor’s path, and those of fcwo right linos between which 
it moved dining a known space of time. From this may bo obtained tho 
minima of vcdocity with respect to tho eaiih and tho sun, and which arc re- 
spectively 80 and 71 kilometroK per second. Now W'ero the orbit described 
elliptical, or even parabolic, the veloidiy could not exceed Idlonudres ; 
there cun therefore ho no doubt that tho trajectory was a,u hyjwrboln.. Tliis 
is, wo believe, tlio flrsf timerthat tho x)ath of a fireball his botm jisc(U’taiiH‘d 
from reliable mathematical data. From this starting-point M. Tisnot pro- 
ceeds to correct the doubtful obwervation of Civray, and finds that tho meteor 
passed oyer that jdaco at a distiinco of 3° 12" from the zenith. Tho lowest 
altitude of tho bolis was 111 Idloanctres^ the eccentricity of the geocentric 
hyperbola was 124, and its two asymptotes formed an angle of one degree 

^ M.Timt states 4^at the path of the meteor was vertically over those places; its 
altitude ai its over Motlray,iin Inclro ct Loire, 798 kilometres (4t)(> nnlos) 

from Bergamo, hemg 307 kilomotros (191 miles), and the lowest althudo of its oourso 
was 111 kilometres (69 miles). The motehor therefoi"© shot upwards (!) ; and the whole 
length of its course from Belgrade, in Berviii, to Mettray was nearly 1060 miles J 
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only.^ Our author now has sufficient data to calculate the orbit of its liclio- 
coutric motion, and finds its elements as follow : Longitude of ascending 
node 343^ 28' ; obliqnitj^ to ecliptic 68° ; angle of transverse axis with line 
of nodes, 87° 32' : eccentricity 2*59 ; soiniaxis major, in parts of nioan ter- 
restrial radius taken as unitj^ 0'20 ; period of perihelion passage, 1808, 
8opt. 25th, 10 hours ; velocity at perihelion 100 kilometres per second. Mo- 
tion rclirogrado. The meteor merely passed through our solar system j twenty 
days after it made its appearance it passed through its r.,rihclion, the dis- 
tance of Avliicli from the sun is about the same as that 'of Mercury. The 
bolis is now' further teway than Haturii, but has not yet got beyond 
UranuH.^^ 

Prom a comparison together of some of the principal dcsciuptioiis of the 
detonating meteor of the 7th of October, ISOS, Mr. ^y. H. Wood considers that 
its point of first appearance 'was between 80 and 100 miles above Avranches, 
in the north of Prance, and that it descended in about five seconds, with a 
luminous course of about 180 miles, to a height of not more than eight m^as 
above the English Channel, twenty miles from Hastings, in the direction of^, 
Dieppe. The detonation distinctly heard at Paris 'would, in this case, aris<y 
from an earlier portion of the meteor’s flight. In relation to the height and 
other particulars of this meteor, the follo'?\ing remarks of the Abbe Lecot, of 
Hoyoii (Los Mondos, vol. xviii. p. 333), proceeding upon the basis of goad 
obsorvalioiiH, deserve attention. 

“ The principal remarkable feature of the fireball of the 7th of October, 
18 ()8, "Was its vast volume, much larger than that of any other meteor seen 
for many years. Two otlicr circumstances appeared also to bo of some im- 
portant iniorosfcj viz. Isl, the immense distance to which the series of deto- 
nations w^is hoard over an area of more than eighty leagues (190 miles) in 
%yiflth, incomparably surpassing the distance to which the loudest claps of 
tlmndor, or the discharges of the largest cannons can be heard. If, more- 
over, the statements of the majority of the observers may be trusted, the in- 
terval between the bursting of the meteor and the sound of the report was so 
groat that the phenomenon must have taken place at a prodigious height. 
Loss than five miuiitos caiiuoi be allo'wed, on the most moderate estimation, 
from the ex])losion of the meteor to the arrival of the first sound of tlio 
report ; and this w'ould imply a distance of more than twenty-five leagues 
(ni.xty miles). Taking into account the direction of the meteor as seen by 
tlui observers, it wouhl bo dillicnlt to admit a height of less than twenty 
IcaguG^ (fort;V-eight miles). This height is confidently within the limits 
which it would bo ncfcessary to assign to it when the greater number of exact 
dcHcri])tions of the imdoor given ])y competent observers are taken into 
th(> account. 

** Tlui se(Jond jHHiulijirity w'bich a])poars hiiliorio to Imvo been ovorhxdced 
is that the meteor w'as not solitary, Imt appears io have boon connected with 
II long list of similar appeara.nccs, wdiioh have been more numerous than 
ordinary at 11 lis fioasou of the year. Last night (October 19th), on Iavo 
oeeasions, about 8 and 10 1 saw each time, in loss than tAVO minules, 

five bolides of eouHiderable brightness, leaving behind them a persistent streak, 
atid moving from soutli-oast to north-west. Their apparent brightness was 
about that of the i)lanet Jupiter. On cveiy previous evening since the 8th 
of Otiobor, when the sky was clear, T have been astonished at the number of 
shooting-stars that have prosontod themselves, generally witliout my paying 
any ])articmbir attention to record their apx)caranco.” 

Jly cxieuding backwards some o^ the given apparent paths, Mr. “Wood 
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infers that tlio direction relatively to the earth, or the apparent point ot ra- 
diation of this great meteor, Avas probably the radiant T, a gonea'al centre ot 
divergence of shooting-stars near a and y l^ogasi duiing the niontlis Ironi 
July, to ITovemhcr. 

A collection of fourteen, original accoiintB of the appearance of the groat 
daylight raotoor of the 3rd of ISTovcmber, 1 SG8, was carefully examined by 
Mr. Wood, to detennino as accurately as possible its real patih. A radiant- 
point, or general vfuu'sliing-poiui, of the apparent jjaths prolonged /Htrhmnky 
near Areturus, is jn’ctty clearly indicated as the most pro])abl(^ direelion from 
which the inoteor actually approached a.nd entered the oartlfs nitnosphore. 
Assuming this direction as established, and th(‘ a])paront poiiii-s upon its path 
observed by Mr. Wood at Birmingham as certainly very jicar approxima- 
tions to the true positions of the meteor at its hrst and last appearance, iho 
comparison of the remaining observations Avith these first a,ssnm])iion8 re- 
garding the computed path enables the latter to bo at least ])rovisioi}ally 
fixed Avith moderate precision. The point of first a])pcaraiico of the meit^or 
was seventy miles over (Juckfxcld, in Suss(^x, and if-s point of disappearance 
twonty-fivo miles oA'cr Ilcrno Bay, in Kent. The Avliolo course of a])out 
eighty miles, pciibrmod in about three seconds of time, was directed from 
the west-soLiih-AVcst, descending at an inclination ol' about 35° to the lmri?:on. 

Should the real course of the meteor ])o assumed to Im more nearly iVom 
Avest to east, the ajparont rtidiant-pohit would ])c nearer to c Virginis ihuu 
to Areturus ; and prosoiTing the Hamo place of firsii appearance, the ])oiut of 
disaiApcurnnce Avill be found to bu at a height of a))out thirty miles over the 
neighbourhood of Ciilais. 

J/sieorf} of JV‘o}uvnho' 14t/i, — Prom a large mnuher of uudeors o])- 

flervod in tlio United States of America, on the morning of the 14th of 
November last, Prof. NcAVton has scjleeted stwerai instunce.s of meteors of 
conspicuous brightness, which were simultancoxisl)" ob.’iicrved by olusemaa’s at 
distant places. The results, accompanied by two cxe,ellenlly (‘xc^cuted plates 
of the persistent streaks, some of which presented peculiar features, are given 
in the ^American Journal of Bcieuoo’ for May IBiiO (vol, xlvii. ]>. 399), a.ml 
lead to tho supposition, from the obserA'od Anoiions ot iranslatiou and distor- 
tion of form of some of tho streaks, that a northward current of tho lipjier 
air prevailed below an altitude of aboxit fifty-four miles, and ibat' abovcj this 
level, to a height of aboxit sixty miles, a current ot air (^xisied moving 
toAvards tho south, suoceediKl, at a gi*otti(.»r }ieig]it,by another cnrn’ut mi)\dng 
in a northerly direction. 

Tho double appearance of tho Birt^aks observed Avilh tlio lelcHcojii^ in Home 
of tho meteors of the shower Huggests the eonjecdiirt', t*nicrtiiin(Ml by Prnb 
NcAA^ton, of an actual duality in tho meteor itse*li‘; and a very possibUi ana- 
logy may thus evidently be recognized among tho .NovembcT Hliaoiing-stars 
to the double or nmlti])le cluinici.tu’, Avhhdi is a emumon fcatun^ among the 
detonating and stone-producing meteors. 

1. Meteor and nieleor-streak observed at NeAvhaAam Ac. at Ih* liJni. a.m* 
Now York time (see Catalogue). ^‘Tlio central point of tho cloud may bn 
regarded as fifty-four miles high, over N. lat, 40° 43', and W* long, 70°, and 
its course B, 78° W,, AAuth an angle of (lopcc>ssion of 20° upon the horizon of the 
places beneath it. Tho heights of its (^astern and Avestern oikIh Avorc iifty-nino 
and forty-nine miles, or ninoty-fivo and seventy-nine kilomctros.''^ In the 
earlier part of its course the meteor passed the meridian of llaverford at a 
height of about eixty-cight miles, but may have been visible before it 
reached tlhat ])oint. * . , A i^ote in his ote^yyaiion of the meteor ut Puli- 
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fiados, l)j Mr. Gilman, would imply a first altiiudo of ciglity-fivo or ninety 
miles. This estimate, however, is not to bo taken strictly.” 

2. Meteor and meteor-streak observed at Fern Lodge Observatory, Pali- 
sades, and at Stamford, Conn., at 2h. 4Sm, a.m. Few York time. Although 
the baso-liuc and the corresponding parallax arc small, the two observed paths 
ngroo well together, and give an olovaiion of fifty-two miles for the end of 
the track, and sixty-five for the beginning, with a length of path of twenty- 
Boven miles. A portion of the luminous streak, which in the field of view of 
a telescope magnifying forty times appeared clouhle, and terminated by an 
oval cloud, was, allowing for the inclination and diameter of the field of view, 
0*89 mile in length, 

3. Meteor and meteor-streak observed at Portland and at Boston, U .S. A,, at 
3h, 51m. 30s. a.m. Portland time. A parallax of 58° upon the base-line^ of 
121 miles gives for the height of the meteor, at a point near the beginning 
of its path, seventy-seven miles. The length of the luminous cloud, which 
gradually curled up and floated northward as it faded, remaining visible at 
Boston for three minutes, must have been ten miles. 

4. Meteor observed at the same stations at 5h. 6m. A.ir. Portland time. The 
altitude of this meteor at disappearance was about forty-eight miles. Its 
first appearance, judging from observation, was at a height of nearly 150 
miles ; but the track was so near to tbe radiant, that a diflbreneo of three 
or four degrees in the apparent length would reduce the flrst altitude below 
100 miles. 

5. Moloov and metcor-streak observed at Newhaven and at Fow York by 
Professors H. A. Fewton and A. C. Twining, at 5h. Cm. 45s. a.m. Fewhayeii 
time (see. Catalogue). The aliiiudo of the beginning and end of the visible 
path of the meteor is, from these observations, eighty-five and sixty miles 
resjieciively. The motions of tbo train seem to indicate an upper current 
from the north above that from the south, which was shown by the motions 
of the train of the meteor of Ih. 12m. a.m. Few York time. 

0. Meteor and motoor-streak observed at Boston and Fairhayen, &c., tJ.S,, 
at 5h. 30m. 30s. Boston time. The meteor left a streak, which at Boston 
remained visible for seven minutes, drifting noithwuxds ; and at Fairhaven 
it also remained visible as a pale cloud for five minutes, widening and becoming 
nearly circular and larg(‘r than the full moon. The observed paths 
agree vorj’’ well with the necessary conditions, and indicate an altitude of 
about fifty- nine miles for the lower part of the cloud. The northward mo- 
tion of the cloud showed that it did not penetrate through the upper into the 
lower current, Avluoh swept away southward the lower part of the train of 
ibo nieieor at Ih. 12m. a.m. Few York time. 

1868, December lOlh, lOh. 57m. p.m., London, and Ackwortli, Yorksliiro 
(see (jaialogu(^). The rcscmblaiico between those two meteors in time and 
other particulars of their a])pc{irancc, although singularly close, is only aced- 
deiitttl, as the. difleronce of the po.sitions of their apparent paths at the two^ 
plactss (loos not agree with that which would be produced by the cflect oi: 
})ara,l}a.x. 

1869, May 31 st, about 11 h. r.M., Cambridge and Vaiis, (sec Cata- 
logue). Among the many descriptions of this large detonating fireball, the 
a]>parent ])a,th is indicated at very few places with precision. An approxi- 
maie deierinijiaiioii of ii.s real path by means of the ref (.wen co to certain 
stars cmiiaincd in the careful ’ observations by Mr. Atchison at Cambridge, 
and by M. Bobinet at Paris, loads to the result that the meteor flrst appeared 
at a height of about seventy miles above Eastbourne iu 8iis.sex, and disap- 



276 


REPOllT 180D. 


pcared about twenty miles above tbe English Channel, halfway between North 
Poreland and the opposite coast of Erancc. The distance of this course, 
about fifty-five or sixty miles from Hawkhurst, Wrotliam, and the other 
ifiaces in Kent whore the detonation was distinctly heard at an interval of 
about five minutes after the meteor’s disappearance, alfords a verilicjatiou of 
its correctness, wJiilo it is in good agreement with the apparent course of the 
meteor as observed at liriisseLs. The direction of the meteor from mmr J (in the 
spear-hand) of Eodtes is probably an outlying exaniifio of the oceurrence of 
the Itadiant (i,, in Corona, of shooting-stars during the greater ])art of tlio 
months of May and Juno, 

1860, July IGth, llh. 35m- p.m., London, Ilawkhursi., and Beckenham 
(see Catalogue). The small parallax indicated by the observations at the 
two latter places of the point of disappearance of the meteor ‘^near the 
star € Pegasi ” may partly ho attrihutocl to the great height of the meteor, 
which perhaps prevented any sound of its explosion from being lioard, a nd 
partly to the direction of its apparent path, being at both stations nearly 
parallel to the straight lino joining* the two p)lacc8 of observation. TIkj de- 
scriptions of the meteor’s course at London are not sufficiently exact to afford 
any confirmation of this result. A similar meteor observed nearly at the 
same hour on the same date, in was likewise found to disappear at a 
great height (sixty-five miles) above the surface of the earth (see Report 
for 1862, p. 77). 

1869, August 0th, lOh. 59m. p.m., irawkliurst and Birmingham (see Cala- 
loguo). The resemblance of tliesc meteors, like that of the two m(5teorH 
almost simultaneously observed on tlio lOih of ])ccem])cr Iasi', is only acci- 
dental, the apparent paths at the two places not saiisfying the ncc^c.sHJiry 
conditions of identity, although the two meteors a])])roximai-e to each oUkt 
very closely in their remaining features. 

II. AioROLims A3srj) Large MiOTEoRs, 
a. Aerolites, 

Daniels Kroil, Grigua Territory, South Africa, hfarch 20ih, 1868, 

The fall of the meteorite was witnessed by a naiiv(‘, who pi(‘kt'd ii. up 
whilst still warm. The specimen, which weighs 2 lbs. 5 oz., was brotighi- io 
England by a well-known mineralogist, Hr. J. 11. Gregory, and annlyztal hy 
Professor Church. In composition it is a melonvie si one, eoutaiiiitig nnieli 
free iron disseminated through its mass, together willi smm? Iroilile and 
sclireibcrsite. The following is Professor Clmrclfs analysis of the 


Nicked-iron 2i)*72 

Troilito 6‘()2 

Sehreiborslte l-,Vd 

8iliea and giliea((‘s . . 61*53 

Oxygon &o. and loss ,M 4 


mm) 

A new mass of meteoric iron, from South Afiica,, was also notir^ed by h!‘r. 
Gregory. It foil in 1862 at Victoria West, and is preserved in the Museum 
at Capo Town. (Quarterly Journal of Boienco for January 1869, No. xxu 
p. 133). 

Pnompehu, Camboja, Cooliiiicldna, 1868, between June 20th and 3Utli, 
about 3^' P.M. (local time). 

The meteorite soparutod into throe pieces, of which one fell at the dour of 
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tlie king’s palaco, the other two pieces were picked up at a considorahlo dis- 
tance. The first jnecc, forwarded to Prance by M. Lafon, h^aval Surgeon, 
residing at Pnom'pelm, is pyramidal, weighing about 2 lbs. (1 kilogr.). It is 
coyerod with a black shining crust inch in thickness, in which nickel- 
iron is scattered in fine grains. The fracture is granitic, and speckled 
with dark spots. The substance of the meteorite dissolved in muriatic acid 
leaves a residue of graphite and of crystalline silicates. A portion was sent 
to M. Peyromol, Professor at the medical school at Eochefort, for more exact 
analysis. (‘ Les Mondcs,’ 1808, 1 Toy. 20th.) 

ITamur, Belgium, 1868, July 5th, 11^ 45™ r.M. (local time). 

During a violent storm a fireball fell on the roof of a house at Namur, and 
broke a tile. The fall coincided with a clap of thunder. The only residue 
found of the ignited body was a small meteorite weighing about a third of 
an ounce (10 grammes) ; some grains of which were detached for anal 5 ^sis, 
and the remainder now weighs 137 grains. It is entirely covered with a 
slight crust of olive-colour speckled with bright-yellow, but not crystalline- 
looking points, giving evidence of its exposure to a glowing heat. The inte- 
rior substance is a friable dark-grey cinder, interspersed with black and 
yellow crystals, but without metallic grains. The density, 3*0004, is 
rather less than that of ordinary aerolites. It exhibits opposite magnetic 
poles at the two ends of its longest axis, and is highly magnetic. Attacked 
by hydrochloric acid it is partly dissolved, disengaging sulphuretted hy- 
drogen, and leaving a pretty abundant residue containing graphite and free 
sulphur. The solution is found by the ordinary tests to contain iron^ nickel, 
and chromium, Les klondcs,’ 2nd ser. vol xviii. p. 332.) 

Omans, Doubs, Franco, 1868, July llih. 

The following extract from a French newspaper of September last, an- 
nounces the fall of an aerolite in central France. — ‘‘ On the 11th of July in 
the present year ’’ [1868] a meteorite fell at Ornans in the Department of 
Doubs. M. Pisani has submitted it to analysis, and ho finds that it contains 
a very small quantity of nickeliforous iron, a small quantity of chromo-iron- 
oro, and magnetic iron-pyrites ; it is besides very rich in peridot. Its struc- 
ture is friable and porous, and its general aspect is of a deeper grey colour 
than is commonly observed in aerolites.’’ (Sec M. Pisani’s analysis, in 
* Coniptcs Eendus ’ for Scjpt. 28, 1868, vol. Ixviii. p. 663.) 

Sanguis, Mauldon, Basses Pyrenees, 1868, Scj)tcmber 7th, 2’^ 30’’' a.m. 
(local time). 

After a meteor of the usual appearance a report was heard as far as Iran, 
on the Spanish border, 50 miles distant from Bauguis, whore a metoorito 
weighing 4| Ihs. (2 kilog.) fell into a small stream, 30 yards from the church, 
and broke into pieces. The pieces, which 'wore further broken by those who 
found them in search of a supposed hidden treasure, were sent to the Museum 
of Geology in Paris, and analyzed by M. Stanislas Mcunicr. They closely 
resemble those of the meteorite of Casalo, which fell (on the 29tli February) 
six months and seven days before the present occurrence, appearing thereby 
to indicate two nodes of this meteoric orbit, intersecting the earth’s orbit at 
180® apart. The siliceous mass contains grains of nickel-iron, troihte, and 
chromite. (Eeport of M. A. Dauhree, ^ Comptes Eendus*’ for Nov, 2, 1868 ; 
and ^ Les Moiidcs/ Nov. 5th, 1868.) 
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1 SG9, Jainiar}’' 1st (morning). 

Stonefall at lake Malar, Upland, Sweden, ('Eullciins.de T Association 
Scientifiqiie do Franco,’ No. lOo.) 

Krlihonberg, near Zwcibruckcii, Bavaria, IMtiy 5th, ISGO, 6^^ rar. 

(local time). 

A specimen of this stonefall is in the Mineral ogical MtiHonin of Vienna.~ 
(Comnmnicaied by It. P. Greg. Boo also the Report on this motoorilo by J)r. 
Neiimayor, in the ' Proceedings of the Sections.’) 

Kornouvo, Clegaieroc, Morbihan (Vendee), S. France. (Oonipios Ptendiw, 
No. 25, 1869.) May 22nd, 18G9, 9"^ r.M. (local time). 

Stonefall after a brilliant meteor, which was scon at rOrient, and at 
Vaaiiies by M. Arondeau, leaving a long streak, and followed by a. violent 
detonation, (‘ Bulletins de 1’ Association Scieniifiqtio do Fraoce,’ Nos. 12**1 
and 124.) 

A largo meteor, casting a bluish glare over the whole to^vn, was seen in a 
northerly direction from Yannes, and was follov'cd in 2-| or 3 minutes by a 
violent explosion, which shook the doors and wdnclows of the houses. A 
meteorite, -which ap]X)firs to have been of conical sluipc;, and to have weighed 
about 1 GO lbs. (English), struck the earth, at Kcviionve, a few yards from a 
young girl, who was the only witness of its full, and it penetrated aAiitlo 
more than a yard into the ground. On the following morning it was dug 
out, broken in pieces, and tJio fragments wore distribntc^I among the villagt'rs 
as Tnomentos of a stone supposed to have fallen from the moon. Unable io 
disabuse its possessors of tho 8iq»powed value of the rc‘li{*s, Professor Felix 
Pisani, of Paris, at considinnhle expense, succeeded in sctairing possession of 
almost tho entire aerolite for his mineral cabinet, ■where the larger half is 
now destined for one of the European nuisenms, A specimen W(‘igliing 
B21bs. ho presented to the Paris Academy, with a. cureiul analysis ol' iho 
meteorite. Tho interior of tho stone presents a dark grey g'va mil ar mass, 
with iron-pyrites, and much metallic iron in bright gvain^M, some of them a 
few millimetres wide, and others like thin veins or Jibunonts scat (('red through 
it. The iron-pyrites, although magnetic, is not atiracted by tho magnet, and 
tho metallic iron is tlms easily separated from it. Tho entire nudc’orite is 
highly magnetic, and its spceilic gravity is 8-747. Its subHinnre is fused by 
tho blowpi])o to a black magnetic bead, in winch (ho H])cciroHcop(^ ?H‘V(‘aLs the 
prescDf'O of sodium and ealcinm. It i.M ]mrily attiu'ked bymuriniie acid ; and 
a specinion thus treated offered to IRK Pisani the following proximate elu*- 
mica I analysis ; — 

Nickeliferous iron . . 20*5 


Mngiudic iron-pyriios (lh\ H^) 5*45 

Hilioat-os soluble in muriatic acid 84 ‘G 

Silicates insoluble in muriatic aedd 40'22 

iT)(>77 


h. Larye Meteors, 

?!optiemte 5th, 1868, 1'* 4® r.M. (G.M.T.). Passage of a Waclc body across 

the sun’s disk. 

On tho same date as that of tho largo meteor seen at Geneva and in Central 
Franco (see Catalogiio), Mr. G. Forbes commixicab^B the foliowdng ohsorvation 
of a black body seen to transit the sun’s disk aii Pitlochru^ in Porthshii'e. 
The sun’s disk was projected on a white screen with a 2|-‘inoh achromatic 
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(of tlic late Mr. Dolland), magiiifyiiig about CO times. A E, iu the figure, is 
the projection of the vertical line ; 0 D is the path of the meteor. ^^It was 

Fig. 1. 





not round, but shaped like E, the pointed end moving first. I was at the 
time watching a taint spot near which it passed, and it w^as much blacker 
than the spot. It took about second to cross, I also drew the apparent 
size of the meteor and of the sun at that moment. By this means I find its 
apparent diameter to be 27" approximately, L e. greater than the mean dia- 
meter of Baturn, and less than that of Jnpiter. To have moved so slowly it 
must surely have been beyond the limits of visible meteors ; and if at so great 
a distance, how great must its size in all hlcelihood have been ! 

“I* have here taken for granted that it was a meteor, which some may 
question. Its motion was perfectly steady, quite unlike a bird crossing the 
field of view, which I have often seen. Another person w^as watching the 
spot with me at the time, so that there is corroborative evidence. I was 
enabled to take the time, position, shape, direction of flight, apparent size of 
the meteor (as a fraction of the sun’s diameter), all except the duration, with 
great exactness, I may mention about the spot, that it w^as quite in focus 
for very distinct vision ” 

Kansas, U.S. America, June Gth, 1868, 11^ 40’"^ A.m (local time). 

At Manhattan a meteor was first seen in the w^esterii sky at an elevation 
of about 60°, descending at an angle of 75° to the horizon, and leaving a 
luminous streak which remained visible nearly a minute. The iiuclous, of a 
vivid pink colour, was about 15' diameter. It fell in less than one second to 
^ •within 12° of the horizon, where it burst, aaul tluaicc dcsccnclcd in a double 
stream of fire. About 4^ minutes afterwards a double report, like 12-pouuder 
cannons at a distance of a mile, wms heard. A light-bluo cloud remained 
at the point of explosion, 1-^° long and nearly 1° wide, wdiich rcmriincd 
visible, without much change of shaijc, until it was obscured by cirro-cumulus 
clouds. The report was licard over an area 120 miles in width, and the 
meteor was seen at Topeka, Marysville, Eorts Horkcr and Zarah, and at 
other very distant places. Its flight was apparently from south to north. 

Height of the meteor when first seen 81 miles 

Height when it exploded 12*5 „ 

Length of the luminous persistent cloud 1*44 „ 

Breadth of ditto 0*96 „ 

Diameter of the nucleus 1890 feet 

Distance, of the explosion from the place of observation, . 5S miles 
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The above measures of the meteor’s course are calculated by Professor 
Mudge, of the Agricultural College of Kansas, ^\dio adds tha,t tho meteorite 
must have exploded over the country halfway between the Republican and 
Solomon Rivers. This district has few inhabitants, and no aerolite has yet 
been picked up. American Journal of Science ’ for Kov. 1868, 2nd ser. 
voL xlvi. p. 429.) 

Birmingham. — Largo meteor seen in daylight, Kov. 3rd, 1868, 3^ 17“^ p.m. 

Mr. Wood’s description of the meteor (see Catalogue) is accompanied by 
the following careful drawing and explanations : — 

^^The meteor was pear-shaped, the rectangular diameters being | and 
I the diameter of the moon (fig. 1). The body, brilliant white in front, 
and ruby-red near the tail, dickered considerably in transit, and diminished 
towards extinction, as represented in the drawing (fig. 2). Red flames, 
or the substance of tho meteor, issued from the nucleus, and extended to- 
wards the tail one degree, as shown in fig. 1, The tail, 15® long, resem- 
bled ordinary smoke in snnsbine ; only a small section of it is represented in 



daylight meteor of November 3rd, 1808, as seen from Birmingham. Bianioier 
« ,* od^ 14'. //, lied fiamas (or particles of the meteor) = 1 

Space T h c of nucleus ruby-red. Space t a e of nucleus brilliant white, f, portion of 

tail ir»^ long, bluish-wliite, sniokedike, lasting 1| second. 

Pig. 1. Si 20 at appearance. Ifig, 2. lielativo size at oxtinctiou, devoid of lustre. 

the figure. Tho nucleus preserved its intensely white light until near the 
last 5® of its course, ^Yhon there was a iwceptible diminution in Its lustre ; 
its si;5G was tlion about equal to Yenus. At the time of collapse T thought 
it dark red, or non-luminous, probably from tho contrast with sunlight, as 
the effect of the sun’s presence would he to depiivo the mcteoi* of tho usual 
bordering rays of light. 

Tho same object at night would ccitainly have appeared much larger, 
and have produced an extraordinary illumination over England. The path 
appeared slightly nndnlating, if it were not an optical illusion produced by 
tho fiuctiiation of its light. 

“ A few clouds were rapidly driving across from the Y^.B.W.*, and the sun 
shone brightly ; yet tho meteor stood prominently out, in bold relief, on tho 
greyish background of the sky.” 

^ The following additional notice of this largo meteor is comnuu:iicatcd by 
Sir J, Hersohel, Bart. Extract of a letter from IL Griesbach, Esq. 
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Travelled froifi Worcester to Morton on Thursday last” [iNTov. 4th] with 
a*lady and gentlfinan who reside at Morton, They told me that on Wednes- 
day 4ast [iTov. 3rd] about 3 o'clock, they were walking from their residence 
at Morton to call on some friends at Toddenham, when they saw a most 
brilliant meteor which fell to tlfe earth about a furlong from them. They 
described the light from the meteor as extremely bright and white, the sun 
shining brightly at the same time. They did not hear any noise from the 
motion of the meteor. The gentleman said he thought that he should be 
able to find the spot where the meteor fell, and promised to take two of his 
men to search for some relic.” 

The meteor was also observed at Southam, South Warwickshire, as a large 
fiery body, ‘travelling in the direction of the wind (which was from W.S.W. : 
see Weather Eeports). — ‘ Birmingham Gazette,' jSTovember 7th. 


Bolides observed in France, 1868-69. 

M. A. Giiillemin, author of the French work on Astronomy ‘ Le Ciel,' 
communicates the" following notes of observations of largo meteors contained 
in the Numbers of the weeldy ‘ Bulletins ' of the ‘ French Association for the 
Advancement of Science,' of which two annual volumes, under the active 
presidency of M. Le Yerrier, have now appeared : — 


No. 

1868. Sept. 5th.— -Notes by Messrs. Denza and Schiaparelli 108 

1869. Jan. 1st, — Swedish aerolite, observed at Stockholm, Upsala, &c. 105 

„ Feb* 2nd. — Bolide at Bordeaux : M. Bousanne 1 , aq 

„ Feb. 8th. „ Nancy : M. A. Tissot J * * * 

„ Feb. 24th. „ Marseilles : _M. Borelly \ 

March 2Ed. „ Bordeaux : M. Eousanne J 

„ April 28th. „ Pont Pierre (Moselle) : M. Bichard . . 120 

„ May 22nd. — Aerolitic meteor observed at L'Orient and Y annes. 

Fall of stones at Cl%uerec *. 123 

„ May 22nd.— Fragments presented to the French Association 124 
„ May 22nd, — Details of observation at Yannes : M. Arroiidcau 12(5 
%, May 31st. — BoBde at Paris : M. liobinct (see Catalogue) . . 124 
„ May 31st. — Scon also at Albert (Somme) ; M. Comic ; and 

at Pontarmc, near Scnlis 12f5 

„ June 17th, 8'‘34"'r.M. — Bolide at Marseilles: M. Borelly. 

Seen also at Narbonne and Aix-lcs-Bains ibid. 

„ June I7th. — The same at Annecy (Savoy), at Montpellier^ 

Perigueux, and Sarlat (Dordogne) 127 

‘ „ June 18th, 1‘' 12*“ and 1^ 50*“ a.m. — T wo Bolides observed 

at Marseilles : M. Borelly 126 


In the ^Zcitschrift dor bstcrrcichischen Gosollschaft fllr Motcorolo^o,' 
voL iii., largo meteors are recorded as having been observed at certain 
places in Germany during the nights of the 17th of September and 17th and 
26th of October, 1808. 

In continuation of his former list, Mr. Greg has added the following sup- 
plementary Catalogue of large meteors observed in recent years to tho nu- 
merous records of such occurrences contained in the Appendix of tho last 
Eeport (for 1868), and collected in similar lists in the Eoports for 1860 and 
1867. 

1869. 


xr 
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Locality. 


Observations. 


Jan. 29. 
Dec. 9. 
Jan. 26. 
Aug. 9. 
April 21. 
July 29. 
Nov. 28, 
June 2., 
Sept. 
Mar. 24. 
July 13. 
Deb. 17. 
21. 

Aug. 29. 
Aug. 14. 
16. 

26. 

June 8. 
Oct. 16. 
Nov. 27. 
Dec. 2. 
18. 

Jau, 26. 

27. 

Feb. 26. 
My 5. 
Aug. 10, 
Oct. 28. 
Jan. 3. 
Feb. 3. 
Mar. I. 
Aug. 24. 
Oct. 5. 
Nov. 2. 
16. 

Deo. 2. 
Mar. 27. 
May 3. 
May 25. 
Aug. 9. 
Oct. 19. 
Nov. 15. 
Dec. 14. 
27. 

Feb. 16. 
Mar. 24. 
29. 

May 18. 
June 6 . 
Aug. 15. 
Sept. 13. 
Oct. 7. 
Dec, 18. 
Jan. 15, 
15 - 
20. 


-.Eutin large 

..Hamburg Venus 

..Flottbeck large Whitish ; 7 seconds. 

..Bilk Oreenish. 

. . Huatasco 

, . Ehine-land 

.. Bonn 

.. Do 

.. Piraeus large 

..Frankfort 

..Bonn 

..Do 

.. Liidenscheid 

. . Nauplia 

..Melfi 

. . Rastenhurg 

.. Grieskirchen 

Rastenburg 

.. Eutin 

..Bonn 

..Jena large 

. , Bonn 

.. Osnabriick 

Siichteln 

.. Bonn 

.. China 

.. Switzerland 

..Holland 

..Weis large 

..Stromboli 

. . Aargau 

..Blansko 

.. Naples 

..Cronstadt large 

. . Hamburgh do. 

..Lemberg do. 

.. Thurgau 

..Naples.,.. 

. . Petersburg 

..Olmuiz Two seen. 

..Triest 

.. Tropi>au 

Olmutz 

.. Do 

.. Holland largo 

..Smyi'na 

..Bohemia large 

.. Olmiitz 

.. Do 

» • Ho. And other places. 

..Wimpassing 

..Olmiitz 

..Oldenburg Greenish. 

.. Troppau 

.. Navoina 

.. Olmutz large 

.. Gdrndver 

Monyhazza 
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Table (continued). 


Year. 

Bay of 
month. 

Locality. 

Size &c. 

Observations. 

1858. 

April 24. . . 
Aug. 5... 
Nov. 12... 
Jan. 4... 

Van Diemen’s Land . 
Olinutz 

=^- moon 

Blui.sh white ; 4 secs., 8 p.m. 

1S59. 

Oxford 



Holstein 

large 


AthftTlR 

(Julius Schmidti^ &c.) 

” 

June %y 

Do 




Do 


12 secs., greenish. 


Nov. 2,,. 

Do 


i860. 

6... 

June 16... 

Do 

Do 


Greenish. 

Do 


i8”6i. 

April 5... 
June 30. -- 

Onblenz 



Athens..... 




July 12... 
Sept. 1 . . . 
27.. . 

Do 




Do 




Do 





Dara, Arcadia 

large 

, 5.30 p.m. 

” 

Nov. 1... 

Athens 

1862. 

Feb. 18... 

Algiers 



Mar. 31... 

25.. . 
May 16... 

21.. . 

Athens 



}> 

Van Diemen’s Land.. 
Athens 

=-|-moon 

Streak 10"; greenish; 10 p.m. 


Do 

large 

Streak zo”. 


June 29... 
July 16... 
20... 

Do 


Levant? 




Athens 

large 

7 


Aug. 16... 
Sept. 16... 
Oct. 12... 

Avnadia . 


Athens 



n 

Do 

large 

6.15 p.m. 


26... 

Vienna 

1863, 

Feb, 26... 

Oeneva , 


Bluisli, 15 secs. 

Mar. 23... 
May 31... 
June 6... 

Vienna 



Washington 



jj 

Oxford 




Sept. 7... 
Oct. I . , . 

Hungary 



}t 

Athens 



1864. 

May 12... 
Aug, 2... 
22... 

Psai’a, Greece 

large 


Kephissia, Greece . . 
Do 


5 j 

1 

30.. . 
Sept. 6... 
Mar. 30.,. 
April 12... 

29.. . 
July 5... 
Aug. 4... 

20.. . 

Athens 



” 

Do 



1865. 

Tyrol 


Streak 10", 

Palermo 


JJ 

,, 'If 

Somersetshire....... . 

Natal 

large 

largo 

8.15 p.m. 

E. to W. ; detonation in 2 SRcond.s. 


J utland 



Athens 


Streak 15". 

>? 

Sept. 12... 
20... 

Do 



Aube, France 

large 

Detonated in 5 minutes, after divid- 

»> 

24... 
Oct. 18,., 

Kent 

ing into two halves ; 5 a.m. 

7.48 p.iu. 


Athens 


») 

24.. . 
Nov. 27.., 
Jan. 9... 

22.. . 

Do 



1866. 

E.ssen, Prussia 

London, 


Also at Greenwich. 

Dantzic 

=moon 

7.18 p.m. 


Feb. 2... 

Maidstone 

>» 

June 2... 

Euboea 



}J 

24... 

Derby 

moon 

ii;J- p.m. ; 60° in 2^’. 




tr 2 
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Table {dmiinmcl). 


Year. 

Day of 
month. 

Locality. 

Size &c. 

Observations. 

iS 66 . 

July S'* 

21 ... i 

Aug, 8 ...( 

FCont 

itheiis 

:wu 

noon 

In sunshine ; largo. 

„ 

24... £ 

South Australia 

largo 


»» 

Sept. 9...J 
Oct. 19...] 

ithons 

lolyhead and Dublin 
Kildare, Ireland 

ryd 

Brilliant ; S. to N. ; 3 a.m, 

!|..4o p.m. ; moved slowly. 


24... 

large 

” 

I^'ov. 6 ... 

Sussex 

3 >- "Venus 

Yery slow ; sparks. 


9 •' 
13-14 

3 uokinghamshire ... 

Lighted up the sky ; S.40 p.m. 

3 very large ones. 

Several very largo ones. 


London, England ... 

i-4 moon 

” * 

20... 

Nasliyille, Tennessee . 

=sun 

ij, a.m. ; moved S.W, ; detonated 
loudly. 

Stono-fall (not Nov. 30?) 

» * 

Dec. 6... 

Santander, Spain ... 


>r 

i» 

It 

8... 

10... 

12... 

12... 

12... 

York 

Do 

Kishnagliur, India . . . 

York 

Ireland 

=f moon 
moon 

=^moon 

Red; i soc. ; 18° path; 8.47p.m. 

}t 

if 

12... 

15... 

Constantinople ; 
Athens. 

Brest, France 

large 

do. 

Followed by a loud detonation. 
Also seen at Manchester. 

” * 

14... 

30 

Alderly, Cheshire ... 
Athens. 

do. 

liep 

May 6... 

London 

3 >- Venus 

Kite-shaped, 7.50 p.m. 

Stono-fall; no crust; meteor and 
detonations. 


June 9.,. 

Setif, Algeria 

10.30 p.m. 

* 

II... 

Switzerland; Paris... 

II 

B 

0 

§ 

Streak remained for an hour ; di- 
rection N.W. to S.B., between $5 
and 85 miles high; from over 
Dunkirk to over Cambray; de- 

)» 

, Aug. 19... 

Dobbs’s Ferry, New 
York, XJ. S 


tonated. 

Elongated ; divided into three. 
Stoiio-lall; regular shower, like that 
ofTAigloin 1803. 

i868.*j 

d 

tn 

1 

Pultusk, Poland 



5* 

Dantzio and Poland.. 

—moon 

Lai’ge meteor at 6.i8 p.m., same 
as the last. — J. G-. Gallo, 

* 

Peh. 29.,. 

Alessandria & Oasale ; 
Piedmont. 

X I a.m. 

Stono-fall ; detonation from a fiery 
cloud ; 3 stones 9 kilogrammes, 
3'6 sp. gr. 

M 

29... 

Chiayary, Italy 

ro a.m. 

Largo fireball from S.W. 

jy 

29... 

Ditto? 

n3i).m. 

Large meteor, S. to N., horizontal. 

J> * 

Mar. 20... 

Iriqualand, S. Africa 

Stono-fall (2J lbs.). — Quarterly 
Journal of Sdonoo. 

„ # 

Juno 6,. 

Kansas, TJ. S. A....... 

1 sun 

Fell down ver. 75®; ir. 40 a.m.; 
heavy double explosion in 4! 
minutes from a light blue oloua, 
which was seen for 17" aftor- 
wardn; report hoard over 120 
miles area; 8. toN. Probably 
i2f miles high when it burst. 

if ^ 

Sept. 7,. 

Oct. 7,, 

. Tardet, Basses Pyrd 
neos. 

. London 

2.30 a.m. 

large 

t =»§ moon 

Stono-fall, meteor, and great de- 
tonation. N.W. toS.E.; sp.gr. 
of the stone 3*37. 

Large meteor at 3 J p.m. In bright 
sunshine. 


Not. 3 .. 

' Rugby, Birmingham 
&c. 

, 




A CATALOGXJE OF OBSERVATIONS OF LUMINOUS METEORS. 285 


III. Stae-Showers. 

1. The August Meteoric Shower in 1868. — Signor Francesco Donza, Director 
of the Observatory at Moncalieri, in Piedmont, has ptihlished a pamphlet 
of the observations made on the nights of the 9th-12th August in Italy, 
comprehending so no fifteen stations. It appears that the largest number 
to he seen by a single observer in one hour was at Florence, viz. 26*9 on the 
night of the 10th August, at 13**-14*', Three observers, under the super- 
vision of Prof. Donati, registered : — 


August. 

loh-iih 


jah-ijh 


141^-1 

Totals. 

9 

45 

40 

30 

30 

42 

187 1 

10 

64 

70 

88 

98 

83 

403 .813 

11 

63 

46 

48 

31 

35 

223 J 


Of those, about 5 per cent, on each evening were sporadic, or not Porsoids. 
Out of these 813 meteors Prof. Donati classifies 164 as large ones, 221 of 
ordinary size, and 428 as small. As compared with the Porsoids of 1867, the 
result appears, as reduced for the same days and hours of observation, for a 
single observer : — 



Aug. 9. 

Aug. 10. 

Aug. n. 

Totals. 

1867 

67*0 

104*8 

79’3 

25ri 

x86g 

62*3 

134*3 

74-3 

270*9 


From whence it does not appear that there was any great difference in the 
richness of this shower for the two years. Signor Deiiza gives the positions 
assigned to the radiant-point of these August meteors, as determined by com- 
petent observers, at 6 out of the 15 Italian stations, and the results are re- 
markably accordant : — 



E. A. 

N. Peel. 


0 

0 

Bergamo I 

43 

57 

Milan 

? 

57 

Lodi 

45 

S 6 

Monoalieri 

44 

S7 

Urbino 

45 

S 6 ’S 

Palermo 

43*4 

567 

Mean or average 

44*1 

567 


The position of the Perseid radiant, as determined by A. S, Hcrsehel in 
1863, was E. A. 43^*8, N. Decl. 56^-2 (Eeportfor 1864, p. 98). 

For the fifteen stations in Italy, the horary numbers, reduced for a single 
observer, gave as average ; — 


9 August 8*a 

10 147 

11 n 

» S’l 


At Urbino Prof. Serpieri gives the radiant positions as follows ; — 
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R. A. 

K B. 


0 

o 

9 August 

41*0 

57*5 

10 „ 

45*0 

56*5 

11 

44*5 

56*5 

Mean 

43'J 

56*8 


The path of one meteor, observed at Moncalieri on the evening of the 9th, 
at 10^ was ciivilinear (tortiiosa), and the light of another, at 10*' 12“' 
(Turin time), was intermittent. Bolides of considerable brightness were 
observed on the 7th at 9*' 15"' r.M., on the 9th at 9*' 35'" p.m., and a third 
on the evening of the 10th at 10*' 49"' p.m. The first, brighter than Vcmis, 
of a reddish colour, made its appearance at an altitude of 40° above the S.E. 
horizon, between a and 3 Lyrao, and descended vertically with very slow 
speed to rj Serpentis, near the same point of the horizon ; it left behind it a 
most brilliant- white, persistent streak. The last of the three bolides was so 
bright as to iUnmino the clouds near which it passed. 

At Bra, in Piedmont, two meteors were observed, with curved paths, on 
the morning of the 10th, at 12*' 20'" and 12*' 30'" a.m. On the same morning, 
at 12*' 53"", local time, a bolide, more brilliant than Jupiter, of bright white- 
ness, was seen at the Observatory of the College at Homo, moving from the 
south towards the east. Madame Hcai'pcllini, at Eomo, saw a similar meteor 
on the evening of the 10th, at 10*' 50"' p.m., which wms also seen by Prof. 
Pinelli at Civita Yecchia. The latter observed another bolide of equal bright- 
ness at Civita Yecchia on the morning of the 11th, at 1*' 53"' a.m. 

At Palermo very brilliant bolides were observed by Prof. Tachini on the 
nights of the 5th and 6th of August, 1868 (Bullotino Moteorologico del E. 
Ossexvatorio di Palermo, vol. iv. Nos. 8 & 9). 

At the Meteoric Observatory of the Luxembourg M. Chapclas-Coulvier- 
Gravior noticed the greatest frequency of meteors (1*3 per minute) on the 
morning of the 10th, between midnight and 1 *' a.m. The number of meteors 
recorded during the night of tho 10-llth was 237, of which 113 were of 
the 3rd magnitude, or brighter, and 49 loft persistent streaks. A bolide 
presenting very remarkable features was observed at 11*' 27"' p.m. on tho 
night of the 10th. Tho meteor was conformable to the gtmeral direction 
of tbo meteoric curreni.,” and moved slowdy, m if resisied in its (jom'se, so 
that, instead of tho usual spherical form, it appeared internally agitated, and 
assumed the form of a cono, with base foremost, fi’om wliieh material of 
the meteor fell off in red sparks along ilio duzzlingly bright luminous 
streak. (Comptes Eendus, vol. Ixvii. p. 498.) 

Prof. Tachini, of tho Eoyal Obscrvatoiy of Palermo, in the ‘ Bullotino 
Moteorologico’ of that Institution for August and September 1 868, gives a 
very full account of tho meteor observations made at that observatory on tlio 
evenings of the 8th, 9th, 10th, 11th, 12ih of August, 1868. Tho number of 
meteors seen by four observers in three hours (after 10 p.m.), on the evenings 
of the 8th, 9th, and 10th August, were respectively 44, 101, 195 ; in two 
hours ten minutes on tho 11th August 115 meteors, and in one hour and 
eight minutes on the evening of the 12th August 24 meteors. This would 
give a relative frequency of 

14Y, 27-3, 52-7, 39-7, 13‘3, 

and would probably indicate a ma.vinnini frequency on the morning of tho 
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llth August towards 7 A.M. This result was confirmed, it appears, by the 
observations made by the astronomers at E-ome. 

In all a catalogue of 393 meteors are given for these five evenings, with 
the precise time of observation, apparent magnitudes, and exact positions of 
the paths of each observation, determined by the fixed stars ; as well as 
colours. 

In the isfc quadrant =s 78 

„ and „ — 112 

f> 3rd „ = 97 

,, 4th ,} — 160 

Professor Taohini himself observed, with the aid of his meteorometre, 
which ho had made use of for the Idth-hTovember meteors of the preceding 
year, and described in the Journal of the Observatory, N'o. 11 of vol. hi. 

His observations in E. A. and Dcd. were then drawn upon a celestial 
map, and the following results are given in relation to the radiant-point : — 


Palermo, 
August 1868. 

B. A 

N. Peel. 

No. of 
observations. 

8th 

=41*0 

+57’6 

= 8 

9th 

=46*0 

+S6-S 

=21 

10th 

=40-8 

+56-5 

-35 

nth 


+56-S 

= 19 

X2th 

=497(?) 

+S7-0 

= 4 

Means... 

=44'5 

4-56*8 

Total 87 


Another Table is given, showing the reductions of all the observations 
made during the five evenings by himself and the four other observers in 
reference to the radiant-point \ — 


B. A. 

P. 

43*5 

+57-0 

45*0 

+53'o 

41*0 

+S7’o 

40*0 

+57'5 

47*5 

+ 59-0 

Means.. 43-4 

+ 567 


Eejocting the observations of tho evening of the 12th August, on account 
of their comparative paucity, wo obtain as the best average result for the 
radiant position E. A.=43°*3, N. DccL = + 56°*3; and this is probably a 
pretty accurate determination. 

Other meteors were seen on these evenings, which may have belonged to 
other radiants ; five seen on the evening of tho 10th August had a radiant- 
point at E. A.=:3°*5% K I)ool.= + 71° 

The trajectories of all were in straight lines, and the streaks of the meteors 
weE marked, appearing as a slight or feeble residuum of the substance of tho 
burning meteor itself, whose diameter generally appeared larger than that of 
the streak or train. 

Prof. A. Serpieri, of IJrbino, gives, in the monthly ‘ Bulletino Metcorologico ’ 
of the Osservatorio del Collegio Eaffaello, occasional observations of meteors. 
On the evening of the 21st of May, 1868, the positions and times of seven- 





288 


kepob.t--'1869, 


teen are recorded in B. A., and Decl* ; and a considerable number for tbo 
evenings of 23rd-26tb of Juno, 



Tracks of meteors recorded at the Boyal Obsorvatory of Palermo, on the 8 - 12 th of 
August, 1868 , showing tlie position of the radiant-point, iy Professor Tachini. 

Professor Serpieri, with throe other observers, found that the horaiy 
numbers on the following evenings wore,-— 


No. 

9tli August 51 

loth „ ....,,105 

xitli „ ...... 74 


Each cveningtlw) chief radiant-point was near ?; Porsoi, with two minor ones 
near Camelopardiis, at about B. A.5=:40®, Becl.-f and 49^*5, 

The meteors on the evening of’ the 10th August appeared finer, and gave 
longer paths than those of the 9th and 11th August. There appeared to bo 
a considerable number of meteors on each evening belonging to other radiants 
(or sporadic), most of which, however, seemed to Ho around, as it were, tho 
sides of a polygon, with the constellation Perseus itself a centre of them. 

Prof, Serpieri considers that the radiant presented itself rather diffusely, 
taking into account all the meteors which passed near h Persci, Projected 
on a chart, the tracks approximately crossed each other. 

On tbo 9th August, from B. A. 46 to 36, and Decl 61 to 54. 

„ lotli ,, „ ,, , 50 to 40, „ 54 to 59* 

„ nth „ „ 491040, „ 55 to 58. 
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Taking tke average of these positions^ 

E.A, DecI, 

o o 

for August 9 41 +57*5 

» 10 .45 + 56*5 

» II 44*5+56*5 

The average of 3 days = 43*5 5 6’ 8 

wMch agrees well enongli with the result of Schiaparelli’s and Zezioli’s ob- 
servations for this year. 

At Milan, Prof. Schiaparelli considered the Perscids of August 1868 more 
conformable than usual ; the declination of the radiant-point was determined 
more precisely than, perhaps, its right ascension, as about Zczioli, at 
Bergamo, found 

11 . A. =43°, Dccl. +57° 

Signor Zezioli, of Bergamo, has also sent to Mr. 11. P. Greg ])ai'ticulars of 
about 600 meteoz's seen in March and April 1868, most of which Mr. Greg 
has reduced upon the chails prcpaiud by Mr. A. S. Herschcl for the British 
Association, and the results as to radiants arc given in the second edition of 
the Atlas of Meteor Charts^‘- 

At Borne, Mancini states the horary numbers for three observers thus,— 

No. 


9th August 25 

loih 46 

nth „ 4a 

12th „ 18 


Mr. B. P. Grog, at Whitby, considered the principal radiant for the earlier 
part of the August shower (from 2nd August to 8 th August) as very close 
to k Persei, or about B. A. 44°, N. Decl. +57°. 

2. The November Meteoric Shower in 1S69 , — Captain Donald of the ‘ Pres- 
ton,’ from Bombay to Liverpool, reports that on the 14th inst., w+en thirty- 
eight miles S.S.W. of Kinsale (N. lat. 51° 42', W. long. 8 ° 31'), from 2h. a.m. 
till after daybreak, meteors appeared to be kirsting in every direction, like 
innumerable rockets flying across the heavens. The principal direction was 
from S.E, to N.W. The weather was rather overcast at first .” — Liverjpool 
Merxury, Nov. 28th, 1868. 

Prom the logs of various vessels transmitted to him for analysis, Captain 
H. Toynbee, head of the Ocean-Mctcoi'ological Department of the Board of 
Trade, has kindly extracted, at the solicitation of the Committee, the follow- 
ing entries, in which the occurrence of this star-shower is noticed as having 
been observed at sea. 

Extract from the log of the ship < 8 i)ray of the Ocean/ Capt. P. Slaughtcz', 
from Bombay to Liverpool, ‘‘ Nov. 14th, 1868, N. lat. about 15°, W. long, 
about 32° ” [in the N.E. trades of the Atlantic Ocean]. — *‘Frona midnight 
until daylight a continual succession of meteors ; countless ; many of them 
of great magnitude and brilliancy, their direction mostly from between N.E. 
and N.W. towards the latter point. Their tracks, also, mostly parallel to tho 
horizon, at altitudes from about 10° to about 35.” 

Under the same date and hour, in a corresponding position of the S.E. 
trades, where no lightning is usually seen, an entry in the log of another 
vessel contains a memorandum of the appearance of constant lightning. 

* These charts, containing 26 plates, can be obtained on application to Messrs. Taylor 
and Francis, Red Lion Court, Fleet Street, London. 
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la aa excelleat meteorological register kept on board of the skip ^ Siberia/ 
between Boston and IN'ew York, by Captain Mostyn, there is recorded oa the 
night of the 13th and early morning of the 14tli of hTovember, 1868, 
Meteors glancing from east to west, at an average rate of live or six per 
minute, at times leaving a luminous track extending 15° or 20°, which re- 
mained visible 4 or 5 minutes. The night being perfectly clear gave an ad- 
ditional effect to the gorgeous display.” 

A good Weather-register kept by Captain C. T. Eaymond, onboard of the 
ship ‘ British India, ^ gives a description of the shower as it appeared to him 
in southern latitudes. 

^^JSTovember 13th, 1 868, at lOh. 30m. p.m. in S. lat. 26° 3', W. long. 27° 
37^ — A perfect shower of shooting-stars commenced, and continued until 
the rising sun extinguished their light. It might be best compared to a 
shower of rockets ; for, like them, they left long trains behind, moving con- 
fusedly in aU directions, some falling perpendicularly, some obliquely, some 
horizontally describing curves, and some even slightly ascending. Some 
shone with a bright green light, exploding at last into many pieces, hut 
without report ,* some •with a dull red, and some Avith a faint yellow. It re- 
sembled in every respect a similar shower which I witnessed in Bombay, 
14th November, 1866. At times the meteors fell as dense as snow-flakes. 

I could not detect any uniformity, either with regard to the point of the 
heavens whence they started, or whither they fell. Most fell pei'pondicu- 
larly, and with a prodigious Amlocity.’^ 

The following description of the meteoric shower in America, as observed 
at Haverford College, Pa., by Prof. Samuel J. Gummoro, Avas received, at 
the time of its occurrence, by the Committee from Mr. B. Y. Marsh : — 
‘'^Meteoric Shower, November 13-14th, 1868, as observed at HaAxrford 
College, Pennsylvania, ton milevS Avest of Philadelphia. Latitude 40° 0' 46", 
longitude 5h. Im. 13s. 

The watch commenced at lOh. 45m. p.h., November 13th. About eleven 
o’clock* two or three very flno motoors Avero scon coming from tho direction 
of Leo, which was yet below tho horizon. At llh. 17m. one directly from 
Leo. The train, of a spiral form, remained visible ton minutes near tho con- 
stellation Perseus. Seventeen minutes later another in tho south-wost ex- 
hibited a train of similar form for the space of seven minutes. Porsistonoy 
and brilliancy of train, with variety of colour, continued to bo a marked 
feature of tho whole disiday. 

At midnight about two hundred meteors had been counted. Prom this 
time tho reckoning Avas as in the following Table : — 


h 3 U 

Meteors. 

h m 

Meteors. 

h m 

Motoorfl, 

IS SI 

300 

a 39 

1900 

4 38 

3500 

34 

400 

47 

2000 

43 

3700 

46 

500 

53 

2 X 00 

47 

3800 

58 

600 

3 9 

2300 

51 

3900 

I 17 

800 

18 

2400 

54 

4000 

34 

1000 

31 

2600 

56 

41 CO 

4 s 

1100 

45 

2800 

5 0 

4200 

47 

ISOO 

5 ^ 

2900 

25 

4700 

55 

1300 

58 

3000 

31 

4800 

S I 

1400 

4 7 

3100 

3 ^ 1 

4900 

9 

' 1500 

14 

3 200 

41 

5000 

n 

1700 

22 

33 ®o 



31 

1800 

30 

3400 




*^The counting was discontinued at oh, 41 m., although several hundreds 
were seen between that time and sunrise. 
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‘‘ At Ih, lOm. tho finest meteor of the night was seen. It appeared near 
the Pole-star, iiKjrcasing in brilliancy as it approached Cassiopeia, and 
vanishing near k and /3 Cassiopeia) with a flash of extraordinary brilliancy. 
The train at first had a direction nearly parallel to tho line of those two 
stars, and about 15*^ in length. Immediately it commenced to spread, and 
soon assnmod tho form of an inverted S, thus d. Then tho form became 
that of an ellipse with a hollow ellipse at each of tho two foci, all tho time 
drifting sloAvly towards a Andromeda). At Ih. 55m. tho train was still 
faintly visible at ^ Andromedas, tho whole time of visibility exceeding forty- 
five minutes. 

At about 4h. 30m., and at 4h. 31m. two meteors loft trains in the vicinity 
of Sirius and 3, of Canis- Major, each assuming the form of the Greek ^2, and 
continuing visible together for several minutes. 

“ As day began to dawn the meteors, which shot down towards and below 
Yenus, were in many cases of a bright rod or crimson colour. 

Many unconformablo mctcoi's -were observed during the night, and tho 
tracks of many of those corresponded to a radiant between the Pleiades and 
the Haiados. 

In several cases the remarkable phenomenon was noticed of a disappear- 
ance, and almost immediate reappearance, as of a light extinguished and re- 
kindled. 

In general the finest meteors were scon in tho north and north-west.” 

The state of the weather in England on tho night of tho lB-*14th of 
November was not in general favourable to observations of tho shower. 
Yet a clear condition of the sky beginning to prevail at Glasgow at 3h. 
30m. A.M., and being finally established at 4h. 30m. a.m., a perfect view of 
the principal portion of tho display was obtained by Prof. Grant. Tho 
meteors resembled those of the 14th of November, 1866, in three or four 
instances leaving streaks which remained visible for two or three minutes 
after the disa|)pearance of tho meteoi\ Their colour was white, in some in- 
stances with a slight tinge of red, and the colour of tho streaks was less 
inclined to green than in tho former shower. Three or four of the meteors 
far exceeded Jupiter in brightness, but not equalling the planet Yonus, which 
shone at tho same time with intense biilliancy in the cast. Their rate of 
frequency appearing to increase, their number observed in successive minutes 
was recorded from 4h. 56m. a.m. until ()h. 5m. a.m., when 256 meteors had 
boon counted by one observer. Tho number really visible during the in- 
terval of Olio hour and ten minutes was in all probability three times as great 
as this, or as many as seven or eight hundred. Tho time of greatest fro- 
(picncy was obscr\'cd at 51i. 15m. a.m., the number afterwards diminishing 
oousidcrahly during the continuance of the ohservations. In tho successive 
intervals of ten minutes, 


Ending at . . 
There wore 1 
counted J 


5h. 6m. 16m. 2()m. 3()m. 4(im. 56m. 6h. 6m. 

50 54 36 31) 26 24 27 =256 meteors. 


Shortly after six o’clock, while the shower was still active, although tho 
period of its greatest intensity seemed to have already passed, the sky became 
cloudy, and no further observations could he made. (Monthly Notices of tho 
Eoyal Astronomical Society for December 11th, 1868, vol. xxix. p. 60^.) 

At the Iloyal Observatory, Greenwich, the sky was densely overcast, on the 


*** Tho same Nimibor of Ibe ‘Monibly N'oiices’ (p. 52) contains a memorandum on the 
shower by Prof. D. Kirkwood, of Blooniingion, Indiana, in tho United States. * Tho 
number counted in (ih. 3b n. w'as 32K0 ; ono observer counting 780 in Ih, lOin,, ending 
at 6h. Ihn. a.m. Tho niaximiun was at about 3h. 30iu, a,m. 
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morning of the 14tliof Novomher, until Ih. 57m. a.m. ; it was clear from tHs 
time until 2h. 50m. a.m., and during this interval forty-six fine meteors wore 
observed, and their apparent paths described. Tho number of meteors at 
this time was very great, both large and small, a,nd quite bewildering ; 
several large meteors wore present at the same time, and all could not bo 
observed. The sky then became overcast until 3h. 53m. a-im. It was clear 
but hazy from 4h. to 4h, 23m., when clouds began to collect increasingly 
until 4h. 48m. a.m., after which time the sky was overcast throughout the 
night. Sixiy-nino fine meteors were observed, some of which were exceed- 
ingly brilliant, leaving streaks varying in duration to more than one minute. 
When the sky was cloudy, lightning-liko flashes wore frequently observed 
until after six o’clock, ovidondy connected with largo meteors, lighting up 
the whole sky as several of the meteors wore observed to do when tho 
sky was clear. A meteor which burst, and left a streak for eight seconds 
midway between y Leonis and Mars, was without motion. The majority of 
bright meteors observed were conformable to the radiant in Leo, other 
radiant-points which were discernible being generally connected with the 
smaller meteors. 

Tho ^ Times,’ Lee. 7th, 1868, contained a letter from Dr. J. M. Hamilton, 
describing tho meteoric shower as it appeared in Shetland. The meteors 
were abundant from 3]i. 30m. a.m. until sunrise, soiuctinios appearing two 
or throe at once, many of them brighter than Vcjuis, and a few so bright 
that one could have read ordinaiy print, for an inshuit, b}’ their light. The 
streaks were bright white, or in some cases of a bluish or I’cddish tinge j 
those left by some of the brightest meteors remained visible for one to three 
minutes, and wore oven visible towards daybreak. The sky was generally 
clear, and when it was partly overcast the meteors shone between tho in- 
terstices of the clouds. Tho point in Leo from which tho meteors appeared 
to emanate remained stationary among tho fixed stars from 3h, SOm. a.m, 
until nearly the time when the sun rose. 

A letter from Mr. G.T. Kingstown, Director of tho Toronto Magnetic Obser- 
vatory, in the ^ Times ’ of December 8th, states that the sky was clear, except 
between 5h. and 6h. a.m., on tho morning of tho 14th of November, and that 
3000 meteors were counted before that hour, 99 per cent, of the meteors radia- 
ting from the constellation Leo, Some, which exceeded Kirius in brightness, 
exhibited a variety of colours. Tho luminous streaks often continued visible 
from two to four minutes. The following Table shows tho number of moieors 
seen at different parts of the night, together with tho state of tho sky — > 


Interval in Toronto time. 

Number of 
meteors 
seen. 

State of the iky. 

h in h 

Lrom 10 45 p.m. to 12 p.m. 

„ 12 0 « 1 A.M:. 

„ 1 0 A.M. „ 2 

H ^ 9 55 3 

,,3 0 ,, 4 

55 4 0 „ 5 

„ 5 Q 55 6 

173 

329 

683 

489 

375 

572 

366 

2886 

Tory clear. 

Ditto. 

Ditto. 

r Occasional very 
\ light hasse. 
Ditto. 

Haze increasing, 
f Clouds 0*4 5 very 

1 hazy. 
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At Home, on the night of the 13-14th of November, 18G8, the meteors 
began to appear about midnight, with diflPiise light in the N.N.E. and N.E., 
several meteors being seen near the Lion’s “ Siolde ” at 12h. 9m. From 12h. 
30m. until Ih. 20m. an interval of cessation occurred, in which very few 
meteors appeared ; but at Ih. 10m. a splendid fireball made its appearance in 
the Lynx (see Catalogue). From Ih. 30m. to 2h. 30m. a shower of meteors 
appeared in all parts of the sky, radiating from a point at the centre of the 
stars y, e, n, f , 17 Leonis. In the N.E. and N.N,E, directions only, ninety me- 
teors were counted in two hours. The maximum, which was also noted at the 
same time by Prof. Pinelli at Civita Yecehia, took place at 4h. 50m. a.k., 
on the 14th. The total number of meteors visible between midnight and 
6h. A.K.jin all parts of the sky, was probably not less than 3000. (Annuaire 
de rObservatoire Eoyal de Bruxelles for 1868-69, p. 166 ; letter of Madame 
Scarpellini to M. Quetelet.) 

The numbers of shooting-stars seen by three observers at the Observatory 
of the Capitol at Eome, on the night of the 13-14th of November, 1868, is 
thus stated by Father Sccchi in a letter to Abbe Moigno, printed in ^ Lcs 
Mondes ’ for November 26th, 1868 : — 

In the successive quarters of an hour ending as below, Eome time, 
November 14th a.m., there were seen, — 


h 

m 

Meteors. 

h 

m 

Meteors. 

2 

45 

.. 29 

4 

30 

.. 208 

3 

0 

. . 50 


45 

. . 233 


15 

.. 48 

5 

0 

.. 264 


30 

.. 84 


15 

.. 270 


45 

140 


30 

. . 339 

4 

0 

.. 148 


45 

.. 250 


15 

.. 141 





Total, in three hours, 2204 meteors. 

According to another letter in the ‘ Times,’ the meteoric shower was also 
seen with great brilliancy at Naples. A brief extract from a letter received 
by Sir John Hcrschel states that at Florence the meteoric shower was also 
very splendid. 

At Moncalieri, and at Bra, in Piedmont, the sky was cloudless for a few 
hours after midnight, and the beginning of tlic star-shower was observed. 
The hourly numbers of meteors seen at Moncalieri on the nights preceding 
the 13th of November were : — 


On the night of the 

Horary number of 
meteors. 


0th. 10th. nth. 12th. 

11 *8 23 24 

At Bra 21 

At Alessandria 45 


} ^Sky veiy 
hasjy. 


As soon as the constellation Loo rose above the horizon at Moncalieri and 
at Bra, the meteoric shower appeared in groups of three, four, or even five 
meteors at once. The following Table shows tlie number of meteors counted 
at each place in the successive hours before midnight, and half-hours after 
midnight on the morning of the 14th of November. The sky became almost 
overcast at Bra at one o’clock, and completely so at Moncalieri at ten minutes 
after two o’clock a,m* 
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Intervals (p.m. 1 
& AM.) ending >- 
at Nov. 13-14 J 
f Mon- 


l^-o. of Me- 
teors seen 


4 calicri 7 
I Bra . . -5 
Total :• 


9 


h 

10 


h 

11 


11 

12 


14 18 24 20 
19 20 21 19 

—At Moncalieri, 


25 
19 
100 ; 


11 in 

12 30 


h 

1 


h in 
1 30 


40 40 

35 20 

at Era, 179. 


70 

9‘^ 


94 


li m 
2 30 ^ 


42 «• 


The meteors soon after midnight presented the same appearance <as those 
of November 14th, 1860, leaving brilliant streaks which often remained 
visible for several seconds. Their brightness exceeded that of Jupiter or 
Yenus, of a reddish hue. Their directions 'were all coiiformablo to a radiant- 
point in Leo, situated exactly between y and 4 " of that constellation. The 
gradual increase of the hoi'ary numbers shows that the maximum was not 
attained, and that the meteoric shower probably commenced a few hours 
before midnight at Moncalieri. At the ncighbonring station of ^Mondovi, 
whore the sky was partially clear from 4h. until 4h. 15in. a.im., eighteen 
bright meteors were counted in the few clear spaces j and after this time, 
when the sky was completely overcast, two meteors a,nd iiftocui lightning- 
like flashes were soon through the clouds hy Prof. Eruno, in the space of a 
quarter of an hour, hotwocn 5h. 30m. and 5h, 45ni. am. 

On the night of the 14th~15th, observations of meteors in Piedmont were 
prevented by bad weather at all the stations. (Letlcr from Faiheu' F. Bonza 
to the Secretary of the Committee.) 

At the lloyal Observatory of Madrid the horary number of meteors did not 
surpass six or eight on the night of the I2th-l»3th, and beibre midnight on the 
night of the 13th. From that time until 21i. on llic 1 4tli 200 meteoi's were 
counted by two observers, among which six or seven bolides illuminated the 
country round the observatory with the brilliancy of moonlight. The radiant- 
point of aE the meteors was in Loo. Between 2h. and 3h. the number 
of meteors seen by the two observers rose to 350 in one liour. A splendid 
fireball (see Catalogue) appeared at 2h, 33m. am* Between 3h. and 4h. A.i\r. 
the number of meteors soon remained about the same as inthopiwious hour, 
after Avhioh time they became more freepumt ; and between 5h. tmd 5h. 30m. 
A.M. twenty meteors could be counted in a minute. One meteor in every 
ten was then brighter than a first-ma^iitudo star ; their cotirse was short, 
especially near the radiant-point, which was close to ?; Loonis. After r>h. 
30in. A.M. the intensity of the shower began to dedino, the ap])roaching 
dawn at the same time ohacurhig some of the smallest moteors. 

The majority of the nuclei were bluish, many white, a liiW ]>right ml, 
and a very few bright emerald-green. The maxiiniim probalily oeeurrod 
soon after daybreak, as tlurtcon blight niel,eors ^^'ere eouni.(ul 6 h. 

and 6 h. 35m, a.m., when Mars, Birins, and (weu Venus ha,d disapptsared, atid 
the last meteor observed was recorded five minutes before ihe Him rose. 

During the night of the 14th-15th, as on that of the 12-13th, thenumher 
of meteors was very small. A largo firoball must, liowever, have ajqiearcd 
at 12h. 20m. am. (see Catalogue), as its bright persistent streak remained 
visible for several minutes. 

The appearance of the maximum of the shower in 1808 was accordingly 
chiefly visible in America, and the first commoncomont of the shower was 
not discernible in Europe. Although less dense in its frequency, yet in the 
greater extent of its duration, and uniformity of its structure, the meteoric 


^ During these lialfdiours the sky was partly ovtn*cast. 
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cloud in 1868 considerably surpassed that traversed by the earth on the 
13th-14th of ISTovember, 1866. 

3. Meteoric Blioiuer of December 12th, 1868. — The cloudy and unsettled 
state of the weather in England on the periodical night of the annual return 
of this meteor-shower prevented any continuous observations of shooting- 
stars. A considerable shower of meteors was, nevertheless, noted by Mr. 
"Wood, at Birmingham, who reports as follows : — 

“ Some meteors were observed on the 10th, but the overcast state of the 
skies on the nights of the 11th, 12th, and 13th prevented observations re- 
quisite to fix the time and intensity of the maximum (except within wide 
limits). An hour’s observation, however, on the morning of the 12th gave 
evidence of a good display, namely, twenty meteors per hour for one observer, 
of which 53 per cent, radiated very accurately from 0 Geminorum, and the 
remaining 47 per cent, from the coexistent radiants, Ga, LG, Eg, EG. The 
shower presented the usual features, — ^meteors white, with an occasional 
bluish tint, brief in duration and trainless.” 

4. Meteomc Showers of January 2nd, ApH 11th and April, 20th, 1869. — ^At 
London and Manchester the sky on the night of the 2nd of January was densely 
overcast. On the night of the Brd the sky was remarkably clear in the 
neighbourhood of London. Mr. Crumpleu, and two other observers, watch- 
ing there, independently, for several hours failed, however, to get a ghmpse 
of any shooting-stars. If the shower took place on the previous night it 
must accordingly have been short-lived, and its limits must have been de- 
fined within very narrow bounds. Mr. Crumplen also watched for meteors 
on the night of the 24th of December, 1868, when the sky was partially 
clear, without success. The unfavourable character of the weather for ob- 
servations of luminous meteors in England throughout the last winter and 
early part of the spring was equally attended by negative results on the 
10~llth, and 20th of April, 1869. 

At MoncaHeri, in Piedmont, forty meteors were observed on the evening 
of the 11th of April, of which two were bolides (see Catalogue) whose 
apparent paths were accurately recorded. Two other bolides appeared on 
the same evening with such brilliancy that the attention of all the seven 
observers stationed on the terrace of the observatory, and looking towards 
different parts of the sky, was drawn towards them by their light. Eather 
Denza is preparing for publication the observations of meteors made in 
Piedmont during the first four months of the x:)rcsent year, among which the 
number of bolides recorded has been unusually large. 

On the morning of the 21st of April, 1869, between 2h. and 4h. a.k., 
eighty-four meteors were counted at Moncalicri, of the usual characteristic 
brightness, and radiating, with the general uniformity of the meteors of this 
shower, from a point in the neighbourhood of the constellation Lyra. (Bul- 
letins of the Eoyal Academy of Belgium for June 1869, vol. xxvii. p. 632-4.) 

In the Meteorological Bullctiu of the Observatory of Urbino for April and 
May, 1869, Prof. A, Serpieri records the apparent paths of forty-one shooting- 
stars, observed during the evenings of those months ; nine of which were ob- 
served in Ih. 10m. on the morning of tho 21st of April. The last of these 
nine April meteors was of red colour, moved slowly, as if resisted in its 
flight, and left sparks of light upon its track. In a reply to Prof. Serpieri, 
who sent these observations to him at Milan, Prof. Schiaparelli writes ; — 
‘‘Seven of the nine meteor-tracks proceed from a radiant-point at about 
E.A=:267®, 1^. Decl.=: +36°. The radiant-point of the Comet I., 1861, is at 
about E. A.=270°*4, N. Decl.= + 33°%5. 
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The positions of the radiant of this meteor-shower, as stated by other 
authors, are as follows : — 

Greg B. xV. 282 K. Dccl. -(- 33 

A. TCcrschel 277*5 4-34*5 

Heis 277 438 

Gallo and Karlinsld. . . . 278 4* 34*5 

Your observations, accordingly, are more nearly conformable to the 
radiant-point of the comet than those of all tho other observers.” 

Eight meteors observed in one hour, on tho evening of the 1st of May, 
diverged from a radiant-point which remained sensibly fixed at about K. A. 
202°, K DecL 62°. The position of the radiant-point M 7, 8, near rj Ursa) 
Majoris, as given by Mr. Greg in the last edition of tho ^ British Association 
Atlas ^ (see Beport for 1808, p. 401), for the interval betwcon April 25th 
and May 25th, is at B. A. 202°, jN". Decl. 52°, about 1 0° from tho position 
assigned to the vanishing-point of those meteors at Urbino. 

5. The Atigust Meteor-shoiver in 1869. — The following Table contains a 
summary of observations by Mr. Greg, at Manchcstei*, on tho periodic nights 
of the 9~] 1th of xiugust. During tho intervals of time recorded in the list, 
the sky was generally clear. 


Date and interval of obacr- 
vations. 

Average rate 
of frequency 
of the meteors 
soon by one 
observer. 

Bemarks and average radiant-point. 

1869. h m h m 

Aug. 9 * 10 5 to II 25 p.M,... 

11. iz 5 1 25 A.M..,. 

12. 10 15 11 45 A.M.... 

m m j 
I in 5 or 6 

1 

1 4 

Eadiant about B Camelopardi. 

Mostly Perseids ,* radiant k Persei. 

One half appeared in 20m., between lOh. 
15m. and lOh. 35m. a.m. 


Mr. Greg observed a fireball, thieo times as bright as Jupiter, on the evening 
of the 9th, at lOh. 23m. p.m. It was bluish white, and lasted one second, 
commencing at y Pegasi, and proceeding 12° or 15° in a direct course from 
rt Persei. The meteors on tho night of the 10~llth were bluish white, of 
short course, and leaving momentary streaks in those of first and second 
magnitude, and dull yellowish-rcd in the smaller stars ; they radiated from 
near rj, Ic Persei, instead of from Cassiopeia as during the previous years, or 
from B Camelopardi as on tho preceding night, and wore about twice and a 
half as frequent as on the evening of the 9th, coming occasionally in groups 
of two or throe in a minute, after a lull of five or six minutes without any 
appearance of a shooting-rstar. ITo large meteors were seen on the nights of 
tho 10th and 11th. 

At Broadstairs, in Xentj Mr. George Chapman noted tho appearance of 
eight meteors, about the average brightness of second-magnitude stars, two 
of which left momentary trains, during the half-hour from 9h, to 9h. 30m. 
r.H. on the evening of the 10th, and two similar shooting^stars duxing the 
quarter of an hour ending at lOh. 15m. p.m. on the evening of the 12th of 
August. The duration and length of path of these n etoors was about 3 0° 
in less than two seconds. Their colour was principally white, and tho 
apparent paths of all were remarkable for the uniformity with which they 
radiated from a point about midway between y Persei and the bright stars 
of Cassiopeia. On the night of the 11th the sky was overcast. 
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The particulars of the observations of the meteoric shower at Birmingham 
are summed up by Mr. W. H. Wood in the following remarks : — 


Date and interval of observation. 

Numbers of 
meteors seen. 

Condition of the sky. 

1869. 

Aug. 8. At night 

„ 9. io*» 30™ p.M. to ii**3o"'r.M. 

16 

Quite overcast. 

Quite clear. 

,, lo. At night 

I 

Overcast (occasional deal* spaces). 

„ II. 10^ to II** P.M 

4 

Clear. 

„ II. II^ to 12*^ P.M 

12 

Clear. 

„ 12. At night 


Overcast. 


Active radiant points 
observed. 

Number of 
meteors ob- 
served, per 
cent., from 
each 
radiant. 

Magnitudes as per stars. 

Number 

of 

meteors 
per cent. 

n Persei 

30 

Equal to or brighter than 


y Persei 

16 

let-magnitude star 

30 

^5 

45 

c CassiopeioB 

x6 

2ad-mafi;nitude star ......... 

T, Tg, 3. 4 (in Pegasus) 

10 

3 rd ditto, and under 

Ng, j, Ej (x, fc, a Persei), and 
other radiant-points 

28 


100 


100 




Colours of the meteors bluish white, yellowish white, pale green. The 
present display exhibits a dechno below the average of the past ten years in 
hourly numbers and apparent magnitudes, which differ strikingly from the 
corresponding data of the August meteor-shower in 1868 (see the Ecport for 
that year, p, 381). The proportion of small meteors will bo found to have in- 
creased twofold, and of the more conspicuous ones to have diminished in the 
ratio of about 3:5. A curious feature is presented by the fact that the per- 
centage number of meteors diverging from rj Persei in the present year is 
the same as that of the meteors radiating from the same centre in the year 
1868, and that the percentage numbers of meteors from y Persei and e Cas- 
siopeioe are, as in that year, equal to each other, and only less by four than 
in the year 1868. The frequency of meteors from the radiant-points in 
Pegasus is this year a little in excess. The data furnished by this year’s 
observations regarding the other coexisting radiant-points arc insufficient 
for comparison with those of former ycai*s. There were no sporadic meteors.”' 

Tip till the 8th of August the number of meteors observed during the 
month, in Piedmont, exceeded 1500, of which Mr. Benza will publish a 
description and chart in the * Bulletino ’ of the Observatory of Moncalieri. At 
Moncalieri itself the following numbers of meteors were observed on the 
nights of August 

1 st. 2 nd. 3 rd. 4 tli. 5 th. Gth. 7tb. 

15«‘ 72 87 69 overcast 39t 17^‘ 

The sequel of the remaining observations of the August period at Mon- 
caheri, and at other places in Italy, will be published in the Monthly 
Bulletin of that Observatory. Many of the meteors radiated from Cygnus, 
and from Cassiopeia. (Letter of P. Bonza to Mr. 11. P. Greg.) 

* Overcast. t Partly overcast. 


1809 . 


X 
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A letter from M. Ainaclee Guillcmin to the Becrciary of llio Committee, 
describes the state of the sky, at Paris, on the night of the 10th of August 
as overcast, and, accordingly, nnfavourahlo for obscrvali(Ois of the iVugaist 
meteoric shower. 

General EacUant-jpolnts of Shool lug-siars, —C oiAoxih lists of shootjng- 
stars observed in Piedmont and Italy during the hist two yi\-ivs Imve lieeii 
communicated by their authors to the Committee, whose object it has l)eeii 
to reduce them, for comparison with the results obiuined from tlio Pritish 
Association Catalogue, whenever a constant divergence appeared to present 
itself among the meteors, to specific radiant-points. In this inquiry ilieir 
labours have met with encouraging success by the complete verification of a 
considerable number of the known radiant-"j)oints, and by tho means of rec- 
tifying the positions and durations of others, less certainly csfnal)lislicd by tlio 
paucity of previous data, afforded by the additional obscrvalions. 

Mr. H. P. Greg having lately projected on tho Celestial ]Ma 2 )S, in use by 
the Committee of the British Association, about 150 meteor- tracks, from 
observations made last year under tho care of Signor Bciiji^a, llircctor of 
the Observatory at Moncalieri in Piedmont, and since published in ihe Me- 
teorological Bulletin of that Institution, has been enabled to I’cdetect and 
verify the radiants AG,, M^, MG, A^, „ ; and more slightly thoinidiants 
Ay, 4 » SGfp Sjj, NG, ihe observatioiiH in ([uestioii were made on. tho 

evenings of the 7th-l 0th January ; and .‘30th January to (Ith Pehruaiy, 1808. 
Two new radiants v/cro also fairly obtained, not before notiftc'd by Clreg 
and Hersohcl, — one for the evenings hotween the 2!)th oJ* January and 
(?) 6th of Pobruary, near Qiiadrans, 11. A. =223°, N. Decl. 51°; tmd tho other 
near g Eridani, 11. A. =73°, S. Dccl. 2°, for tlio evenings of tlio 0th -1 0th 
January, and at r Orionis, E. A. =68°, N". Bed. 0°, for 30th January to 5tlx 
(? 11th) of February. 

The former of these, at Quadrans, is evidently identical with Hois, at 
E, A. 227°, 3Sr. Decl. 60°, for 15th--31st January, but must certainly not bo 
identical with the special shower, of Greg and llerschol for January 
2nd, which, there is good reason to believe, is a sho-wer of only twenty-four 
hours’ duration. 

Mr. Greg also finds in Signor ZeziolPs observations, mad(^ at Bergamo, 
Aloril 25th“May 3rd, 1868, abundant confirmation of tho radiants W, WQ‘, 
a„ DG,; also of OZ, and OZ,. 

Prof. Serpieri, in the * Bulletino Moteorologieo’ of Urbiuo for A iigusl, 1 SftS, 
gives a radiant for eight shooting-stars on tho 11th of July, 18(;8, tho juisi- 
tion E. A. 200°, H. P. B. 35°, which almost exactly agrous ■with tlu> radiant 
MG^ for July Ist-llth, as determined last year by Mr. (ilreg (Report for 1868, 
p. 403) from Signor Zcziolfs observations, made at the stimtB time at Bca’gamo, 
tho position determined being at E. A. 210°, N. P. 1). 35°, as given in the 2iul 
edition of the ‘ Celestial Atlas,’ published last year by tlio British Association. 

Considerations of the space usually allotted in these Eeports to obseuwations 
of luminous meteors (which in the present year is amply occupied), and a 
sense of the scientific importance of the papers communicated, during tbo 
past year, by their authors to the Committee, wiU. only permit a list of their 
titles and of the principal contents of their pages to be hero 
annually decreasing splendour of the November meteor-shower, and tho 
absence of its attendant observations, -udll, in a future year, enable tho 
recent contributions of special importance to meteoric literature to he care- 
fully reviewed, 

1. Le Stelle Oadenti del Periodo di Agosto ossorvate in Piemonte od in 
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altre contrade dltalia nel 1868” (Eourth. Memoir on Sliooting-stars ob- 
served in Piedmont and Italy, by Francesco Penza, Pirector of the Obser- 
vatory of the Eoyal University of Moncalieri, near Turin). — Several extracts 
and references to the memoirs have been made in former Keports, and 
principally to the present memoir in this Keport (Appendix III.) on the 
August meteoric shower in 1868. 

2. Le Meteore Cosmiche,” Milano, E. Treves & Co., Biblioteca utile, 1869, 
by the same author, is a brief but lucid lecture, delivered to a popular 
audience at the Museum of Ifa’tural History and Philosophy in Florence, on 
the subject of the recent discoveries in cometic and meteoric astronomy. — The 
author, in common with Schiaparelh, regards comets, aerolites, and shooting- 
stars as bodies of a common origin in the nebulous matter of the universe, 
differing only from each other in the degree of concentration wrought in them 
by the effects of universal gravitation and of time. The gaseous and self- 
luminous character of the nucleus of TempeFs comet, observed by Huggins, 
which is not referred to by Father Penza, differing so essentia, Uy from that of 
aerolites, does not receive any very obvious or satisfactory explanation on 
this hypothesis. 

3. ‘‘ Etudes geometriques sur les Etoiles filantes,” par G. M. Goulior (in 
8vo, pp. 154, with plates : Metz, F. Blanc, 1868). — ^The principal object of the 
wmrk is an instructive manual intended to direct the observations of shooting- 
stars projected by the recently instituted Meteor-Committee of the Imperial 
Academy of Metz. The phenomena of visibility, rate of apparition, appa- 
rent position, and hourly variation of the radiant-point, and the calculations 
of the real heights, velocities, and dates of the periodical returns of shower- 
meteors are discussed, with mathematical formulae intended to adapt the 
careful observations of luminous meteors conveniently and with increased 
accuracy to the development of the new eosmioal theory of shooting-stars. 
The same clear arrangement and demonstrations of all the fundamental pro- 
positions of Professors Newton and Schiaparelli on the apparitions of shower- 
meteors and their orbits are given in subsequent chapters of the work. The 
sixth and last chapter contains a review of the conjectures to whicli the 
eosmical theory of luminous meteors has given rise, and suggests some brief 
considerations on the possible identity of shooting- stars and aerolites. 

4. ‘‘Zur Theorio der Storiischnuppen,” von A. Ennan (extracted from 
Erman’s ‘Archives,’ vol. xxv, part 3 : Berlin, 1867). — A detailed account of 
the attempts is given, which wore made before the time of Schiaparelli, to 
determine the form and dimensions of the August and November meteor- 
orbits, — ^first, on the method employed by Ennan, and adopted by other 
observers of determining by direct observations the real velocities of the 
meteors, relative to the earth; and, secondly, in the maimer adopted by 
Professor Newton, of determining the periodic time of revolution hy exam- 
ining the dates of ancient star-shower records. The description of. the fh'st 
of these two methods, adopted hy astronomers from the time of Ben- 
zenberg and Brandes, occupies the principal and most extensive portion of 
the narrative. The third, and last method, which led Bchiaparolii to discover 
the quasi-cometary character of the meteor-orbits by calculating tlio velo- 
cities of shooting-stars from the laws of their annual and diurnal variations 
of frequency, receives full exposition in the last few pages of the pamphlet. 

5. “ Experiences synthetiques relatives aux Meteorites. Bai^prochements 
auxqueUes ces experiences eondixisont par M. A. Daubree (in 8vo, pp. 68 : 
Hunod, Paris, 1868). — ^Tho experiments of fusion and crystallization of 
meteorites and terrestrial rocks, and on tho imitation of aerolites by the 
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reduction and oxidation of various minerals (see Boport for 18G8, p. 415), 
led M. Daiibrec to the conclusion that the latter process of wijjerfect scori- 
fication, like that which the materials of the earth’s crust appear to have 
completely undergone by oxidation, represents the original p'occss of forma- 
tion of meteorites. In the rare alnminiforous meteorites ot Jiivcnas, Jonxac, 
Stannorn, and Petersburgh (XT. S.), the crystallization, like that of granite on 
the earth, can only have taken place in the presence of water ; since their 
felspathic ingredients are converted into glass or vitreous slags ])y fusion. 
Some now points of interest on the classification of meteorites and on the 
recent acquisitions in the Paris Museum of Geology of acrolitic specimens, are 
added hy M. Daubreo to the former chapters of his original rcsearelies, 
which are otherwise reproduced in the present pamphlet without change. 
Among the recent specimens acquired at Paris, not less than 950 perfect 
aerolites of the stonefall of Pnltusk (1868, January 30th), varying from 
the size of a hazel-nut to that of a hen’s egg, have lately been deposited by 
M. Baubree in the Geological Museum. 

G. In ' Cosmos’ for January 18th, 18G8, M. Blanislos Meunier communi- 
cates a now chemical test for distinguishing the protosulphiirct of iron (Fo 8) 
from the ordinary terrcsiriiil magnetic sulphurct or pyrrhotiiie (Fo^ 8^^). The 
former, even when slightly supersulphurcttcd, precipitates metallic copper from 
its solutions ; but when the proportion of sulphur approaches to that contained 
in pyrrliotino, and in the case of the mineral pyrrhotino itself, no such pre- 
cipitate is produced. Tho fact that the magnetic sulphurct of iron (troilitc) 
found in meteorites remains inactive, or passive,” when placed in a solution 
of sulphate of copper, leads M. Meunier to conoludo that its chemical 
formula and minoralogical characters approach more nearly to those of 
pyrrhotine (Fe^ S^) than to those (with which it is usually compared) of tho 
protosulphuret of iron, Fo 8. A paper hy tho same author, in tho * Cosmos ’ 
for March 21st, 1868, describes at length tho process cm])loycd in tho labora- 
tory of the Paris Museum of Geology for analyzing meteoric irons. 

7, ^‘Licht, "Warmo, und Scliall boi Moteoritcuf alien,” von W. v. llai- 
dinger (extracted from the Yienna Academy Sitziingsbcrieht, vol. iviii. 
part 2, for October 8th, 1868 ), — An English version of tho paper appears 
in tho Philosophical Magazine for April, 18G9. 

Some remarks by M. Daiibrdo and M. Meunier in tho forc^going papers 
appearing to admit of theoretical exceptions, tho opportunity of reviewing iho 
facts rocontly observed regarding tho fulls of tho metoorih^s in diffeiumt pa, rts 
of tho globe, and the conclusions to which they lead in conflrmatiion of 
Haidinger’s views of their intorprotaiion, is made the occasion of a ch'ur 
exposition hy the eminent mineralogist of Vienna of tlu' progress of 
scionec during tho long time in which it has engaged his athmtiou, and 
especially of the rapid strides winch, owing to the able geological and astro- 
nomical , inquiries which have recently been devoted to the subject, it has 
principally been enabled to make during tho last few years. 

. 8. Eeehorches sur la composition et la structure des Meteorites,” par M. 
Stanislas Meunier (in 4to, pp. 73: Gauthier Yillars, Paris, 18()9. — A thesis 
presented to the Faculty of Sciences of Paris for the award to tho author of 
the degree of Doctor in Physical Science). — Tho results of special methods of 
analysis employed in foreign, and original researches on tho composition 
of a large number of meteoric irons arc recapitulated by M. uicunicr at 
the end of the memoir, in tho following general conclusions : — 

* ‘ Comptes Kendus * for March 25 and April 2, 1807, and siibsoquont Hambors. 
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1°. Meteoric irons consist of a small number, only, of different niinorals 
combined together in variable projoortions. 

2°. These minerals, Tvhieh may be called ate ingredients of meteor io 
irons, possess physical and chemical characters which enable them to be 
separated from each other in a state of purity. 

3°. The majority possess a definite composition, capable of being expressed 
in simple chemical formnloe. 

4°. They are not mixed together at random in the masses which they 
compose, but their positions relatively to each other obey certain fixed laws. 

5°. Lastly, proximate chemical analysis of meteoric irons affords the only 
effectual means of obtaining a satisfactory classification of these bodies. 

9. Observations on the recent November meteoric showers. 

Shooting-stars on the morning of November 14th, 1867,” by H. A. 
Newton (American Journal of Science for January 1868, vol. xlv. p. 78), 
contains a discussion of the principal observations of frequency of the 
meteors, and a curve showing the time of maximum of the star-shower, as 
observed in the United States, together with some remarks on its geogra- 
phical extent of visibility, on the probable width of the stream, and its 
possible connexion with the comet observed in China on the 2oth of October, 
A.n. 1366. 

On the ^ Shooting-stars ’ [of November 1867] as observed at ShanghaV^ 
by B. V. Marsh (Proceedings of the American Philosophical Society, vol. x. 
p. 384). — ^Tho following notes of a meteor-shower which occurred in China 
on the 15th of November, 1867, were received by Mr. Marsh from Mr. B. E. 
Lewis, U. S. Deputy Consul-General at Shanghai. 

Log of U. S. steamer ^Ashuelot,’ Capt. Febiger, at Shanghai: — ^^Nov. 
15th, 1867, 4^ to 8^ a.m. Largo number of shooting-stars to the N. and E. 
falling to the N. ; visible until broad daylight. Clear and cold ; light N.“W. 
winds.” 

Log of U. S. steamer ^ Monocacy,’ Capt. Carter, at Shanghai : — November 
15th, 1867, from midnight to 4^ a.m. At 2^^ a.m. observed a number of 
meteors falling from the westward towards the east. This shower of meteors 
continued till 4^ a.m., decreasing in number from 3^', seven or eight being the 
largest number visible at one time. 

From 4^ to 8^" a.m. Between 4*^ and 5^ observed several meteors falling 
to the eastward.” 

Extract from the ^Shanghai News Letter’ of January 16th, 1868 [‘^]. — 

From Mr. 0. B. Bradford of the U. S. Consular Service wo obtain the fol- 
lowing glowing account of the meteoric shower of 1867, as witnessed by him 
not far from the groat wall of China. It was on the morning of tho 15th of 
November, while on his way back from the Nankow Pass, and when about 
fifty miles N.N.W. of Pekin, that Mr. Bradford observed those grand pheno- 
mena of the heavens. The grand spectacle was displayed in an arc of not 
less than 120° in the north-cast part of the sky, which at times scorned to 
be rent in twain, from about 25® of the zenith, by solid masses of luminous 
bodies, of various magnitudes and surprising brilliancy, darting across his 
vision. Several hundreds [! !] of these meteors would be visible at the same 
time, all emitting the most intense light, and the nebulae of tho lai'gest lasting 
sometimes three minutes. One of the largest shone with brightness above 
that of the moon as it issued from about 15° of the north star and passed to 
the horizon, giving off as it fell coruscations of various bright colours, and, 

[* The paragraph is considerably curtailed from the figurative language and descrip- 
tions of tho original article.] 
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when disapx^caring, a iiobxila, whiuli resembled a waterspout in high latitudes. 
It was not until 6^' 30"^ a.m. that approaching dawn and sunriso put tin end 
to the display.’^ 

In I’cfcrencc to tlicso accounts, it is statiul by j^fr. l^farsb ibtit the observa- 
tions of 18()0 afforded no groinid for expecting this Asiatic dis])lay of 
since the star-shower appea.r(*d tind disnppcartHl in ihi^ IJuited vSiat.es of 
America, witliiu two hours of its apimiuted time, or at aliout *1*‘ 

IS'ew York time, on the I4tli of jSfovomber. Siiu‘x5 the latit'V hour would, 
from the differoneo of longitude (12^‘ 40‘“ east of Now A^ork), aad from the 
commence)) lait of the day earlier (by that space of time) in Clhiua tiian in 
America, correspond to aboixt 5*^ 10^*^ p.*ar. on the afternoon of the l lth of 
November at Shanghai, it follows that the Chinese shower of NoVcinber 15th, 
18G7;> was observed ten or twelve Imiirs later , in absolute time, than the time 
of the great appearance of the November meteors in the United Hiutiss. On 
iho other hand, it has since been pointed out by Afr. Al.arsh, in a more recent 
communication to tbe Committee, that the maximum of tbi^ great Novijmbor 
star-shower of lSd5 -was visibh^ in America, and in khirupe, mi th(3 morning 
of the 13/A of jVovemher, aboat twdvc lumm earlier than carres]>oud(‘d to the 
time of the principal apijaiition of the shower in ilio years iSbO and 18()7. 
The central and dimscst ])ortion of the meU‘or-siroam Ihinugh which the 
earth passed in the Litter years apjK'ars accordingly to bo ilanked on either 
side by lateral and somewhat Lws den so }>ut wid(T meteoric currents at a dis- 
tance from tlio orbit of the inaiu stream, which the earth crossed in about 
twelve hours on the mornings of tho 13th of Kovomber, IHGo, and 15th of 
November, 1 tSf)7. Tlie Asiatic shower of the latter duio mu;ords almost v.mctiy 
in its epoch with tho unexpected reappearance last year in Mnropo and Ame- 
rica of the great display of meteors mi the morning of the 14t.h of Kovomber 
1868. 

The following extract of a letter from Mr, [Marsh to the PiK'retary of the 
Committee, dated Philadelphia, January 15tb, 1860, eontaius an ingenious 
and clear statement of the above intcrcHting result derived from tho recent 
observations : — 

Tho Chinese) maximum was at about 3'^ 30”^ r.itr. November 1 4th, Phila- 
delphia time, so that wo should have been in tho centre of that group, or 
stream, this year at 0^' 30”* r.M. Novmnber 1 3th. Tlie shower wdueh w<i 
actually encountered was in full jirogross hero by 1 30”* r.M., nndfrmu tbe 

European obsorvations it is proved to have begun two hours earlier, Whareas 
the Amrr lean shower of 1867 should have begun at O'* a.w, NovemiKrr 13th, 
and ondod at about noon on that day, our sboAver of ibis year Ht^uns much 
more directly to reprcsimt the (Hmiese than tbo Anua'ie.an sbower of 18Ci7* 

Wo had, on tlui 13tli of Noveinlicr, 1«86r) (uuiximum at about 3’* a.m.), 
quite a ffno display, mucli exceeding (I judge from your licports) yours of 
tho same yca.r, so that tho principal displays of the present neries wore as 
follows : — 


“ Place, year, and local time of maximum. 

Shower A, Philadelphia, 18B5, Nov. 13, 3^ km, 
„ B. London, 18CG, „ 14, 1 15 „ 

„ C. Philadelphia, 1867, „ 14, 4 30 „ 

„ B. Shanghai, 1867, 15, 4 30 „ 

„ B. Philadelphia, 1868, „ 14, 3 0 „ 


Philndolphia tinio of do, 

1865, Nov/l3, 3h m am, 

1866, „ 13,3 0 n.K. 

1867, „ 14,4 30 AM, 

1867, „ 14,3 30 PM, 

1868, „ 14,3 0 A,u. 


“ PHlaadpHa should have crossed those several streams, tim year, as 
follows 
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Meteoric stream, and its duration, Time of maximum. 

A. 1868, Nov. 12, 0”^ p.m, to p.m 1868, Nov. 12, 9^^ O^’^ p.m. 

B, „ „ 13, 7 0 A.M. to 9 0 A.M „ „ 13, 8 0 a.m. 

0. „ „ 13, 9 0 A.M. to 12 0 (noon) „ „ 13, 10 30 a.m. 

B. „ „ 13, 7 30 P.M. to 11 30 I’.M „ 13, 9 30 p.m. 

B. „ „ 13, 10 0 P.M. to 8 0 A.M. (Nov. 14) „ 14, 3 0 a.m,’^[^] 


Tho accompanying diagram, subjoined to the last Table by Mr. Marsb, 
most clearly illustrates its moaning, and the relation wbiob the several 
November meteor-streams recently observed bear to each other when reduced 
to a common epoch : — 


61i. 1S(58, Mid- 61i, I2h. 6h. Mid- 6h. 

P.M, Nov. night. lOth. A.M. Noon. P.M. night. 14tli, A.M. Noon, 



“November Meteors of 1868, observed at the TJ. S. Naval Observatoi^ 
Washington^' (licport of Professor J. H. Eastman, with a chart of the'* 
meteor-tracks). — Eor the purpose of determining with accuracy tho positio.*: 
of tho radiant-point, and to afford moans for calculating the real altitudes 
and velocities of the November meteors, gn oinonio charts of the heavens, 
having the constellation Leo in the centre of the map, were last year distri- 
buted by the Meteor-committee of the Newhaven Academy. The tracks of 
90 meteors were recorded on such a chart, which accompanies the Washington 
Beport I and by its means the position of the radiant-point was fixed at a 
well-defined point in E. A. 148^ 30', N. Decl. 22° 30'. The points of beginning 
and end of these apparent tracks are given, in a table, by their right ascen- 
sions and decimations. The maximum frequency occurred at about 5^ 0”^, 
when they fell at tho rate of about 2500 per hour, and by 6^^ a.m. 5078 
meteors had been counted. The display continued until after daybreak, and 
was the grandest ever Avitnessed at the Washington Observatory, Tho majo- 
rity of the meteors, although obscured by tho full moonlight, surpassed in 
brightness those of the previous year. Tho trains of two largo fireballs, after 
passing through colours of red, green, and blue, at last formed light fleecy 
clouds, and remained visible, respectively, for ten, and thirty minutes. 

“Meteors of November 14th, 1868/’ by H. A. NoAvton (American 
Journal of Science and Arts, voi. xlAui. p. 390, Avith tAvo plates). — ^Especial 
proA’isions Avoro made by the NcAvhaven Xnminons-Metcor Committee, in 
November last, to obtain carefully recorded observations of tho apparent paths 
of meteors, at the return of the expected star-shower. Among the shoot- 
ing-stars whose positions AVoro thus mapped, or sufficiently described, 
accounts are given in tho memoir of ten large meteors ; and of this niimher, 
five were observed at distant places, so that the real altitudes of the meteors, 
or of their luminous strealss, could bo determined. The largest fireball was 
observed at P 12^ a.m., N. Y. T., the streak of which remained visible for 
forty minutes over the sontb-eastem part of Pennsylvania, between Newhaven 
and W^^shington, at both of which places its apparent place was noted. Par- 

[* Time of the shower as actually seen in 1868.] 
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ticalars of this brilliant fireball and of tlio remaining? largo ruetwrs, ’^'hoso 
real altitudes -w^ere ascertained, are described in Ap])endix 1. of this Heport* 
10. jS’ovembor-phanoinon dor 8t(‘rnsc*]niuppon in soineii oiiiKolncn 

Erscheinuiigen yon den altcston Zoiten bis IbOO,'"’ you fr* von liognisiawsld, in 
Htetiin (iio date or reicrojioo).— The catalopio is completed until the Ilitb 14tli 
of ^N'oveniber, 1<S4t), and its continuation is n^siTved for a fntnre [mbli<*aUt)tu 
13. On Hliowev .Meteors,'’ by Dr. Kdimind Weiss (AstronoiniseheNaeli- 
richton, ]S"o. 3 710).- On the supjmsitlon that coiuets must, in gcnuTal, bo 
accompanied by meteoric clouds, Dr. Weiss luis computed the followinp^ data 
regarding the comets whoso orbits nearly intersect the orbit. f»f the <iarth, 
either at their ascending ( ) or descending nodes ( ). ^J'he iblbnving 
' Table gives the longitude and date of passage of the earth tlunugh tin* comet’s 
node, the difference (at that point) of the sun's distance from the ciirth (ii), 
and from the comet’s orbit (/•), the apparent imsitiou of tluj radiant-poini of 
the comotary particles, and (the tabular logariilim of) tlunr velocity, ndative 
to* the earth. 

The distance (R— -r) of the earth (at node) from the comet's orbit in the 
direction of the sun is expressed in terms of the earth's distance from the 
sun as lmi^ 3 ^ 


No. 

Comet. 

Tjon- 

giiude. 

Daio. 


Bndian 

B. A. 

i-j loitif. 

N. 

T;<»g. of 
geccetitnc 
velocity. 

1. 

1792 II. 

284*1 

Jan. 5. 

—0-000 

n 

H)3*S 

0 

+ 21-0 

0-3447 

2. 

1840 I. fs 


20. 

+ 0*036 

128-4 

_28-0 

0*1112 

3. 

1718 88 

aoths 

20. 

-0-042 

20S‘^1 

--.31*2 

0-37.14 

4. 

1857 I. 8 

313-1 

Fob. 2. 

-0-02S 

201-3 

+ 23*2 

0*2352 

5. 

1092 ' 83 

316*1 

5. 

^0*012 

103-2 

-34-4 

9-8977 

6. 

1854 IV. 83 

324*4 

13. 

+ 0-015 

364*0 

+ 37*3 

9-0132 

7. 

ISraS IV. 83 

324-9 

13. 

+ 0-045 

271-8 

+ JI-H 

t)*2661 

8. 

1802 IV. 83 

355*6 

Mar. 10. 

+ 0-013 

249-4 

+ 1*0 

0-3407 

9. 

1683 s 

355-0 

16. 

-0*052 

266*9 

—48-4 

0-2574 

10. 

1703 83 

357*6 

18. 

-0*026 

312-4 

+ 21-0 

9-1884 

11. 

1861 I. 85 

20-B 

Apr, 20. 

+0*002 

270-4 

+33*5 

9-2001 

12. 

1790 ni. 83 

34-0 

24. 

-0-003 

319-1 

+ 19-0 

9-3920 

13. 

1803 IT. S3 

71-1 

Juno 2. 

—0-054 

0-5 

-44-7 

0-3915 

14. 

1084 S3 

!)0-0 

22. 

-0-010 

02-7 

-47-1 

(I- 1323 

15. 

1850 I. 83 

{12-9 

24. 

-0-005 

312-4 

+09-0 

0-1405 

10, 

1804 II. 83 

95-0 

27. 

+0-047 

12-() 

+ 0-3 

0-3742 

17. 

1737 II. 83 

125-5 

July 29. 

+0-025 

175-2 

+ 70-9 

9-9872 

18. 

1852 11. S3 

137-5 

Aug, 10. 

-0-013 

40-7 

-13-4 

0-3330 

19. 

1862 II. S3 

140-4 

10. 

-0-027 

47-6 

+ 13-9 

0-3750 

20. 

1864 III. S3 

167-0 

Sept, 10, 

-0-018 

63-0 

-16-H 

0-2819 

21. 

1790 I. s 

173-7 

16. 

-0-053 

108-1 

+37-7 

0-3610 

22. 

1763 S3 

177-0 

20. 

+0-029 

44-6 

-24-1 

0-1B56 

23, 

1864 rV. 83 

203-0 

Got. 16. 

-0-044 

209-6 

+42-7 

0-0778 

24. 

1779 S3 

206-0 

19. 

+0-022 

39-3 

-29-7 

9-9863 

26. 

1849 L 88 

215-2 

29, 

-0-027 

18S-0 

+6M 

0-2236 

26. 

Biela 83 

246-8 

Nov. 28. 

+0-011 

23-4 

+43-0 

i 9-7282 

27. 

1819 IV. 63 

267-6 

Deo. 9. 

+0-086 

346-2 

-44-6 

9-6604 

28. 

1680 88 ' 

' — J 

274-6 i 

26. 

+0-050 

182-0! 

+21-4 

0-2347 
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Tho comet No. 21 agrees too closely in all its particulars with tlxe course 
of the meteors of the 20th of April, from an observed radiant-point about in 
R, A. 278°*7, N. BocL 35°, to leave any doubt of its connexion with tho 
star-shower of that date. Dr. Oppoker, who observed the comet, remarks 
that tho visible connexion between its tail and nucleus was so slight as to 
appear as if it would shortly bo dissolved ; and the possibility that ,thc comet 
is gradually becoming broken up into portions is not an improbable assump- 
tion to account for tho oxtromoly irregular returns of this great meteoric 
shower. Tho occurrence of a moteoric shower with a radiant-point in 
Cerberus (11. A. 273°*0, N, Deck 25°*5), observed by Professor Herschel on 
the morning of the 13th of xipiil, 1864, agrees well with the elements of the 
same comet as computed by Oppoker. 

Orbits of tho Meteoric Streams of Orbit of Comet I., 1861. 

April 13th and April 20th. Oppolzer. 

S3 23° 30° 29°-8 

T 235° 229° 243°*2 

i 95° 83° 79°*8 

logq.... 9*9706 9*9907 9*96412 

e 1*0 1*0 0*98346 

Again, reducing the nodal passages of Biela’s comet at former returns to 
the fixed equinox for 1850*0, they aro found to be, with tho corresponding 
positions of the radiant-point : — 

Long, of Nodal passago Position of the Radiant, 

^ of the Rarth. R.A. N. Deck 

258°*4 ...... Dec. 10 18°*7 58°*1 

251°*8 „ 4 22°*8 47°*7 

245°*8 Nov. 28 23°*4 43°*0 

Tho meteors observed on the 6th~8th of December by Brandes in 1798, by 
Flangcrgues and Hemck in 1838, and by Heis in 1847, are stated by the 
latter observer (Die Pcriodischen Sternschnuppen ; Coin, 1849) to have 
radiated from a point in Cassiopeia at about R. A. 25°, N. Deck -f40°. In 
his latest list of radiant-points the radiant Ajj, for the first half of December 
is placed at R. A. 21°, N. Deck -f 54°, while in Grog’s list of radiant-points 
(see Report for 1868, p. 403) tho elongated radiant A^^, producing meteors 
in November and for some weeks earlier, is situated between a and S Casaio- 
peim from R. A. 1 0° to 25°, and N. Dccl. 54° to 60°, Tho radiant is sup- 
posed to be continuous with Aj„ (Nov. 23-Dco. 18), near B Camelopardi, 
wdxoso position is about at 11. A. 45°, N.Deck 60°. Observations on shooting- 
stars on the nights of tho last week of November and first weak of December 
accordingly deserve particular attention, with a view to determining the 
exact position of their point of radiation. 

The following are some other comets of the list, all tho particulars of whoso 
nodal passages and radiant-point appear to agree approximately with those 
of meteoric showers included in Greg’s catalogue of radiant-poinfcs for tho 
northern, and Heis and Neumayer’s catalogue for the southern hemisphere. 
The particulars of the meteor-showers apparently indicated are placed for 
comparison, in the Table, adjoining those computed from the cometary orbits 
to w^hich they appear to correspond ; — 


Year. 

1772 

1826 

1852 



306 


EEFOBT — 1869. 

In tho Iforthorii Homisphcro. 


No. 

Comet. 

Bate. 

Bacliant. 

dreg’s 

lotkr. 

Badmut. 

Bpoch, 

P1at*o 
by Stars. 

R.A. 

N.Bw.1 

B. A. 

K. Berl. 

1 

1702 TT. US 

Jm. .5 ... 
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+24-0 
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o o 
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+4r)U)-i-;i('i 

Jan, 1 25 

Cmics Venal ici 

(?)6 

1854 ir. ?5 

m. l.‘i 

mi) 

4*37-3 

WZ 


+37 

Mar. In-Ap. 20 

y (Vgni. 

8 

1862 ir. 8 

March 10 

240-4 

+ i-(i 

HZ 

247 

— ♦> 

Mar. 3 25 

K Ophiuehi, 

15 

18,50 

Juno 24 

312*4 

•fOO'O 

Ml 

325 

+00 

June ( 1-JuIy 1 1 

a Ccpk‘i. 

17 

1737 IL2S 

July 21) 

176-2 

-1-70-0 

T 

172 

+60 

July 2‘J*-S('pl. 0 

«, I'i ihm Mft- 










joris. 










No. of 




In tlic Southern Hemisphere. 


uicicors 










uuippcd. 

2 

1840 I.k 

Jan. 20 

128-4 

-28*0 


105 

-27 

January 

30 

5 

L002 a 

I’ob. 5 ... 

103*2 

-^34*4 


105 

-45 

Fobruary 

15 

9 

1683 Q 

March 10 

20<)-0 

-48*4 

III 

102 

-.38 

March 

15 

24 

1770 £3 

Oct. 10... 

30*2 

-20-7 

X. 

10 

-35 

OclolitT 

12 


Meteoric Obsorvaiioiis, continued irom })r{‘vi(niH 
Observer^ — V. H. Wood. Piiiee of obHorv(d.i(}n--Iiirmin|rluim 

Mvrvh lS(d). 


Date 

1 

1 

i 

Mag. 
as per 
stars. 

Colour. 

Bura- 

tion. 


r.M. 



secs. 

18 

10J»8‘“ 

>1 

Yellow 

2-5 






10 

Ixm 
9 37 

>1 

White, 

Yellow 

2*5 

10 

10 20 

4 

Blue 

0*5 

11 

A.M. 

12 34 

1 

Palo blue 

1*0 

20 

r.M. 
10 21 

1 

White 

1*0 

20 

10 38 

Sirius 

White 

0*75 

20 

^ 11 3 

2 

Blue 

1*0 

20 

116 

i 2 ^ 

Yellow, 
then rod 

]*r» 

m 

n p 

1 

2 

Blue 

1*0 



' $. 

Blue 

0*5 

i 



; White 

j/ i 

0*3 


Appamif Path. 

From To 


"LooniH to 0 Ifydiw, +b' 


Aiioorduiit 

hufliunt. 


Boinarks. 


M (1 (a) or Q ! I (1 )|Tii il. Rco pcmarliH li t 
proviouB mont!i, 
bi]\ow. 


Aprih 
I07°4*‘id® t-o y Qeminoruml 


ift to a Poraoi 


KT ITmo MajoriH, iownrclwj 
/t Ljneis, path 
3?olai*iH,Oaiwlla , ^ 

- .> toCapolla 

Oapolltt towards y dcmi-l 
nomni. 

<? to I lloroulis 

«= flSK 


M.1,5 

All, 4 or 

CjIFa orODji 


ass a= ^s= 

2e^7 0 to 245 0 

^ Ophiudii to OSorpentii 

|2B4"+56no7C©phei I 


W) 

|N(5) 

ka or BOs .. 

kd) 


Si 




Tm^f^ulnr flight nm 
(h‘<tronsu'»g sp'rd. 
|Otwiijptoor pw hour 

Intt'rropiod view, 


ii)tli {)vwaHt. 
Iinporfoct view. 

Slow. 

Tail; slow. 
pfw-shaped ; buryl 
with a flash. 

I9t!j overcast. 

See remarks belov^*. 

.Pour meteors per hr. 
7inlih.;2Hll to 
11.30 p.M, nomlrs, 



A CATAIOGTrii] OB' OBSEllVAjCIONS Of LUMINOUS METEORS. 807 


July. 


Date 


Mag. 
as per 
stars. 

Colour, 

Dura- 

tion. 

Apparent Path. 

From To 

Accordant 

Badiant. 

Eemarks. 


h in 



sees. 




28 

11 ir> 

1 

Blue 

O'V 

a Sagiitir to Hcrculis ... 

II 

S]^ hazy, moon 3rd qr . 
One meteor in half 
an hour. 

30 

11 35 

3 

Palo blue 


X Pegasi to ir^ Gygni 

TmorH ...... 

29th overcast. 

30 

11 37 

>1 

Intense 

blue. 


Kr Pognsi, path 1° towards R 2 

Dolphinus. 

An elongated steel- 
blue flash. 

30 

11 44 

3 

Bed, 

i 

— /- 

loro 

y Delphini to 

y Delphini, e Cygni 

2 

II 

Overcast till 11.30, 
then 3 mtrs. in 20 ms. 
Night of Slstovercast. 


J Eekarics. 

Jaauary 1st ind f2nd, overcast at night ,* 3rd, 0-10 p.m., cloudy, with 
rain^ lightning/ in JSf.N.V. horizon at 10^' 5"', sky clear after 10 p.m.; no 
meteors in throio-qnarters of an hour. 

April 15th/ lOM 1‘^ p.m. and after, fine display of Aurora Borealis ; 
streamers, mnk, green, and crimaon colours, reached and radiated from the 
zenith, seen jsimiiltaneonsly in the U. S., America. 

j The Meteoric Shotuer of Aj^ril 20. 

There was a prononneed display of Meteors on this date at the rate of four 
meteors ’per hour for one observer, showing no tendency to maximum further 
th^ an absence on tho succeeding night. The night was clear and moon- 
li^t after 10‘V»ioon 1st qr. There was no prominent radiant, but a feeble 
. x^mission from seven or eight radiants common to the month, and mentioned 
in the list of meteors. 

July 15th and 16th, from 10^ BO’” till ll? 30"' p.m., sky cloudy at times, 
remaining clear about zenith ; no meteors seen. 17th and 18th, overcast at 
Iff' 30“' P.M, 19th, sky clear, moonlight 10“ 30"'-ll^ ; no meteors, 

Mtices of Meteors f rom Newsj^aperSy 1869. 

An aerolitio fall in Sweden, mid-day, January 1st. 

Largo meteor (?) seen at Weston-super-Mare, Jan. 3rd. — “A meteor of 
unusually bright appearance between tho hours of 9 and 10 shot from tho 
heavens and disappeared beneath the waves. So vivid and instantaneous 
was tho appearance and disappcatanco of the meteor that, jilthough scon by 
a number of persons, there wore many speculations as to its real nature. 
Many, by whom the reflection alone was soon, wore of opinion that it was 
a vivid flash of lightning, whilst others thought it a rocket of unusual mag- 
nitude .’’ — Bristol Daily Post, 

Jan. 13, 1,20 a.m.— ^A bright meteor observed at Brighton in W. of K ; 
two detonations in three minutes ; meteor calculated, according to sound, to 
have burst thirty miles from observer. — ^Writer in ‘ Standard,’ Jan. 14. 

The same seen at Hampton, rising in H. Colour, indigo.— Writer in 
* Standard.’ 

April 3rd, between 4“ and 5“ a.m., a large meteor seen in Scotland. (See 
enclosed paragraph from ‘ Lloyd’s Hews,’ and various other papers.) 

May 31, 11.5 p.m., a large meteor seen at Horfollr, also at London. (See 
^The Times ’ of June 2nd and 3rd, also tho ^ Standard’ of June 3rd, and 
other papers.) 
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iif/fO/" rti Kcw Ytivl', 

May iiOth, at night a mete ‘nr oqunl to tho full moon wns fteon ni- l^cw 
York. It changed colour from I'ed to giHuni and hurst inio frjigHumis. It 
cast deep shadows, and had a. long tail. Appeared HP K.Y.W. of a A<|uilm ; 
path 30*^ IN. westerly. -From Americau papers.— Momiihj ^Vr//% Hrd. 

V 

I 

Report on the hast means of provkUng for a ioiifonMiif of Weights and 
Measures j ioith reference to the Inte^'ests of Sc^s^nce, Jhj a Com^ 
mitteBj consisting of Sir John Boweino, FJLSX The flight lion. 
C. B. Aobeeley^M.P., Samukl Beown, Ivr, Fare^ FJtS.y 

Prank P. Fellows^ Professor PiuNKnANi), F.P.S'.J Professor IIkn- 
NESSY; Jambs IIey\yooi); Sir .Rohkiw Kank, FJtS,^ 

Professor Leone Levi, Professor W. A. Miller, fIR.S., Professor 
IUnkine, LL.D., Fits., C. W. Siemens, RK8., C!oloucl Sykes, 
F.R,S.j MJ\y Professor A. W. Williamson, FJtS.,)SAUm Yates, 
FJi.S^jDr. George Glover, "S ir JosEint Whitworth, Eart.^FJtS,, 
J. KNatier, ILDihcks, J.V.N. Bamlgette, W. SMtTit, SirW. 
Fairbairn, Bart.y FJtS.^ and John Uobinson Profensor Leone 
Levi, Secretary, 

Your Committee have much ploasiiiT^ in reporting that dtiring tho\vear con- 
sidox'ahlo progress hus been made towjirds the assimilation oi* M'cigiV.ts and 
measures in all countries. As briefly stated last year, the North-(lenr)an 
Confederation, by a law dated 13 Juno iShS, adopt-ed Hie metro as the basds 
of measures and weights, and they resolved to hike as the primary standard 
measure of length the platinum bar in the possession of tho PrusHian Oovern- 
ment, which in tho your IBOJi was found by a ComniisHioii appointed by tho 
French and Prussian Covornments to bo equal to 1'000(K)30L metro at tho 
tomporaturo of molting ice by comparison with the mot, re deposited at the 
Archives in Paris. Whilst adopting tho meiric nomonelaiurcs tho Korth- 
German Confederation added corrospoiiding idiomatic nunu's wherew^r pos- 
sible, as, for instance, tho Metro is also called the ** Htab or ** Ellf the 
Centimetre tho now ^®ZolP* or ‘‘Inch/* tho Millimetre the ‘‘Stru?k** or 
“ Line/* tho Bokamotro tho “Kette** or Chain, tho litre ilu^ “Kamui** or 
Pot, tho Botolitro tho “ Zass ’* or Cask, tho half Kilograru tlio ** Pfund cjr 
Pound, and tho 50 'Kilograms or lOO pounds the Zentnor** or Jtundrod- 
weight. In the United Btates tho use of metric wtughi^s and meaHures has 
been rendered legal, and they are cmidoyed in fill iK)st-offl(tos exchanging 
mails with foreign countries. In tho i*ostal Convention with this country, 
signed at London on the IHth Juno 1807, tho authorized weigh!* of a single 
letter was stated to be half an ounce in tho U nited Kingdom, or fifteen grammes 
by tho metrical scale in the United States. It wore much to bo desired 
that the Post-Office of this country would second tho enlightened opinion of 
the Americans and adopt fifteen grams as tho minimum weight of letters 
sent to foreign countries. But stiU greater progress has been made in the 
introduction of tho Metric System into Indiii. The question of revising the 
Indian system of weights and measures had engaged tho attention of the 
Government of India at various periods since 1837, and, in consequence of 
representations from tho Madras Government and the Chambers of Com- 
merce, tho Government of India passed <a resolution in 1864 authorizing 
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the appointment of local Committees in eacli Presidency to deliberate and 
report on the whole matter, with, instructions to submit their views to the 
Central Committee at Calcutta for their consideration. In course of time, 
when these answers were received, it was found that in Madras and Bombay, 
the ]S*orth-west Provinces and the Piinjaub, the Committees were in favour 
of a uniform system, based on the Imperial, their recommendation being* that 
the unit of weight should consist of a Seer fixed at two lbs. avoirdupois, that 
the Imperial quart should he the unit of capacity, and the Yard and Aero 
the units of linear and superficial mcasirro. The Bengal Committee, however, 
thinking that the days of the Imperial System were numbered, and that 
when all the rest of the world had adopted, or is about to adopt, the Prench 
Metric System it would bo a retrograde step to adopt the English weights 
and measures, proposed the gradual but complete adoption of the Prench 
Metric System, and their recommendation received the support of the Bengal 
Government. 

On the 1st October, 1867, Colonel Strachey, the President of the Central 
Committee, with the view of bringing forward an expression of public opinion, 
published a memorandum in which he supported the proposal of the Bengal 
Committee. In his opinion, the assimilation of the English weights to those 
of Prance was a more question of lime, and the existing English system could 
not last, and ho therefore advocated the adoption of the French kilogram as 
the basis of the now system of weights in India. But Colonel Stracbey^s 
memorandixm did not meet with the assent of a majority of the Committee, 
and he retired from it almost at the beginning of its labours, whereupon the 
Committee, with a now President, completed theif labours, and concluded by 
recommending a new system based on Imperial units with decimal multiples 
and binary divisions. Thus the question stood when a Deputation from your 
Committee and the Council of the International Decimal Association waited 
on Sir Stajfford Northcote, the then Secretary of State for India, for the pur- 
pose of urging the importance of introducing the Metric System in India; and 
it is gratifying to your Committee to state that, in a despatch dated 1st Peb. 
1868, in conveying to the Government of India a full report of tho represen- 
tation of tho Deputation, Sir Stafford Northcotc wisely urged that whilst it 
would bo better for the Committee to endeavour to establish a system more 
nearly approaching tho best theoretical system than to adoi>t the English, 
the Government should be cautious not unduly to sacrifice practical conve- 
nicnoc to tbcoretical symmetry. Soon after this a change of opinion appears 
to have taken place in tho Indian Government. A decisive minute was made 
by the' Commander-in-Chief, Sir W. E. Mansfield, dated 5th September 1868, 
in favour of the Metric System. The same was confirmed by tho Governor- 
Gonoral, Sir John Xawrenco ; and after tho subject had been fuHy discussed in 
Council, the whole matter was summed up in a despatch to the Secretary of 
State for India, recommending that tho new unit of weight should be a Seer 
equal^to the Eilogram, or 2*205 lbs. avoirdupois, and that a system of decimal 
multiples and subdivisions of the unit of weight should be accepted as a 
fundamental part of the now scale to bo recognized by Iaw% Tho Govern- 
ment of India further urged that the best preparation for the general adoption 
of the new metric weights would be their introduction and authoritative use 
in the first instance by all the Departments of the Government, by all Muni- 
cipal bodies, and on the Eailways. On the receipt of this despatch with the 
accompanying documents, the Duke of Argyll, the new Secretary of State for 
India, remitted the whole question to the Board of Trade, and asked them 
whether any measure is under consideration for a change in tho weights of 
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this country. At that time, the subject being under the consideration of the 
Standard Commission, the answer was dclapci ; hut as it became known that 
the Commissioners were favourable to the introduction of the Metric Hystmn, 
and that a decided opinion existed in this country in favour of advamung still 
further in the policy of the Permissive Act of 1804, the Duke of Argjil stmt 
a despatch to the Indian Government approving of the introduction of the 
kilogram as the unit of weight throughout IMtish, I iidia ; and thus neai'ly 
15,000,000 more of people will in a sliort time join the largo fa.niily ha^ing 
one common sj'sleni of weights, the adoption of the metilc unit of length 
being certain to follow at no distant date. From liuhs, with reference to 
the many colonies and dependencies of the empire, your Conmuitee w^aited 
upon the Secretary of State for the Colonics, urging the advantage of at. lea,st 
a permissive law to use the !Motric System in all the Colonies, and also the 
need of having the system taught in all their schools ; and, with the C(>ns(*ut 
and cooperation of the Secretary of State, your Commit tee, in conjunction 
with the Council of the International Association, sent a letter to all the 
G-overnors of the Coloiiios to the same effect. Judging from the great succcsb 
achieved in India, wo trust it will not ho long before a deci<h‘d unifornixiy of 
weights and moasxircs shall bo realized in Canada and Auslralia, the Ca])o ami 
the "\^^est Indies, Malta and Gibi*altar, in short in (wery colony of the empln\ 
In their last Itoport your Committee alluded to the tiiiHatisfaclory condition 
of the law ill this country, which, whilst making it. permissive to make con- 
tracts on the terms of the Metric System, made no provision for tlu? stamping 
of metric weights and measures in goncrul use. Qliis anomaly having boon 
brought by your Committee to the notice of Her Majesty’s Government, the 
subject was remitted by the Board of Trade to the Hiaudiird Commission for 
their consideration, and your Committee are plo^ised to state that the second 
report of that Commission, just published, recommends the removal of every 
difficulty and the full and legal introduction of the Metric System. The 
resolution of that Commission on the subject is as fo]low.s‘: — 

« Considering the information which has been laid before the Commission, 
of the great increase during late years of intornational communication equally 
in relation to trade and commerce, of the general adoption of the Metric 
System of Weights and Measures in many countries both in Pluropo and other 
parts of the world, and more recently in the North-German Confederation 
and in the United States of America, of the progress of public opinion in this 
country in favour of the Metric System as a uniform intormitiorml system of 
weights and measures, pd of the increasing nso of tho Metric System in 
scientific researches and in tho practice of accurate chemistry and ongintHiring 
construction, wo are of opinion that the time huvS now arrived when the law 
should provide and facilities be afforded by, the Government for the introduction 
and use of Metric Weights and Measures in the United Kingdom, and that for 
this ob>]ect Metric Standards, accurately verified in relation to the primary 
Metric Standards of Paris and deposited in the Standard Department of the 
Board of Trade, should be legalized, and that verified copies of the official 
Metric Standard should be provided by the local authorities for inspection of 
such districts as may require them.” The Commissioners were not favourable 
to the compulsory measure on tho subject; but they reoommondod that 
customs duties should be allowed to bo levied by Metric Weights and Mea- 
't«ar^05 as well as by Imperial weight and measure | that tho use of the Metric 
System concurrently with tho Imperial System should be adopted by other 
public departments, especially tho Post-Offleo, and in the publication, of the 
principal results of tho statistics of the Board of Trade, as well aa for the 
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admoasiirement and registration of the tonnage of shipping ; and that Mural 
Standards of the Metric] System as well as of tho Imperial System be 
exhibited in j)ublic places. Your Committee regret tho recommendation of 
the Commissioners to maintain for an indehnite time two legal systems in 
general nse^ it being subject to trouble and confusion, ll^or do they agree 
with the reason assigned for any hesitation in this matter. It is asserted 
that there is no immediate cause for a change for the purpose of internal 
trade. But what say the Chambers of Agriculture and the Chambers of 
Commerce on tho subject? The Barnstaple Farmers’ Club recently peti- 
tioned Government in the following terms : — 

That your Petitioners, in common with the rest of the community, and 
more especially of the farmers, suffer much needless disadvantage, and are 
burdened with much unnecessary labour, by the great variety and compli- 
cated character of the legal, and still more of the customary. Weights and 
Measures in use in the United Kingdom, which add much to the number and 
difficulty of the calculations required in business transactions, and deprive yonr 
Petitioners of a great part of the benefit to be derived from the publication of 
tho prices current at the different markets in different parts of the country. 

That while ixndcr different heads, such as Long Measures, Land Mea- 
sures, Liquid Measures, Dry Measures, and Weights of different kinds, for 
different sorts respectively of lengths, of surfaces, of work, and of articles, 
dry and liquid, there are at least ten distinct sets of well ascertained, though 
utterly unsystematic, Weights and Measures recognized by law, besides an 
unknown multitude of customary Weights and Measures in use, in different 
localities in the United Kingdom, your Petitioners hear with envy of the 
superior facilities enjoyed by their rivals abroad in those foreign countries 
where a uniform Decimal System, comprising five series only, all equally 
easy to be learnt and all founded on tho same scientific basis, has been 
established by law for the measurement respectively of length, of surface, of 
capacity, of solid buUc and of weight — a system which, owing to its obvious 
convenience, has cither already become, or is rapidly becoming, general in 
practice whereter legally established. 

‘*That this System (known as the ^Metric,’ because wholly based on the 
Metre) was unanimously recommended in 1862, after a full inquiry, by a 
Committee of the House of Commons, comprising distinguished men of all 
political parties ; and has already been adopted in its entirety by countries 
with a population of nearly 150,000,000, and a trade with the United King- 
dom of nearly X180, 000,000 sterling, and adopted in part by countries with 
a poptxiatioii of nearly 70,000,000, and a trade with the United Kingdom of 
^50,000,000, each class of coimtrics comprehending some of tho most highly 
civilized nations in the world, and each, as might ho expected, contimxally 
receiving additions, notwithstanding tho refusal hitherto of this country and 
the United States to do more than render tho use of Metric Weights and 
Measures permissive, and that of liussia to recognize it at all. 

The existing confusion in Weights and Measures in this country and its 
Indian and Colonial Empire, equally complained of by the opponents and 
supporters of the Metric System, renders the present time, in the opinion of 
your Petitioners, i>articularly favourable for its legal adoption in its entirety; 
since a change to this, tho simplest, most convenient, and most widely used 
System ever yet known, would cause hardly more trouble or inconvenience 
tlian would the rigid general enforcement of our cumbrous and utterly irra- 
tional Imperial sot of Weights and Measures. 

Your Petitioners therefore humbly pray your Honourable House to take 
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measures for rendering the use of the Metric Sj’stem not only legal hut com- 
pulsory, at the earliest practicable period, throughout the tjnited Kingdom 
and as many as possible of its dependoncies.” 

The Scottish Chamber of Agiiculturo have deliberated on the subject of the 
grievance of having so many weights and measures in use. drain is some** 
where sold by the quarter or bushel, and elsewhere it is weiglu'd and sold by 
the cental or other weight. The practice differs ifi every county, nay in every 
market, in the UiiitocI Kingdom. TIio Iloyal Gommissionors further urge, as 
a reason against the immediate complete introduction of the Alctric 8ysiem, 
that there arc nearly thirty millions of ordinary weights and measures of ihe 
existing Imperial System now in common use. But how many of those are 
altogether unreliahlo? And is the temporary inconvenience of having to 
substitute new weights and moasirres to be considered a suilieient reason for 
delaying a reform of such importance to the trade and interests of the empire? 
The example of Prance and all countries where the Mchdo System has been 
introduced points out that it is necessary, in order to facilitate the change, to 
indicate a time when the introduction of the change innate be clfective, and 
your Committee hope that when Her Majesty's Government bring hn-ward a 
Bill on the subject, the Legislature will sec the necessity of providing that 
after a definite time the concurrent use of the Imperial and M’etric Sysitmis 
shall cease, and the Metric bo finally adopted as tlio lu^w Imperial System of 
weights and measures in the United Kingdom. 

Your Coinmittco have already obwsorvcd that the Ilo 5 *al Commissioners re- 
commended that the Metric Standards should be accurately verified iti relation 
to the primary Metric Standards at Paris. Theses standards are a platinum 
metro and kilogram, deposited at the Palais dcs Archives in J 7^)3. But it 
is not by these that now standards are now made. A copy ol* ihese standards 
was made at the same time i.o save the original standards, and for the pur- 
pose of verifying the Metric Standards of foreign couniries where ihe Metric 
System is adopted j and this copy was first deposited at ihe Gbaervatoire, 
and afterwards, in 1848, transferred to the Conservatoire cles Atds Metiers. 
The practice, therefore, is to verify any new standard by that, copy, wliidi, 
notwithstanding the lapse of time, differs very little from the standard 
of the Archives. It is objoetod, however, to such a practice, first, that it is 
incouvonient in all cases to resort to Paris for such verification ; mmul that 
if each country prepares its own sLindards and in its own way tliCHC will ho 
found to difler from one anotlu*r, and tlnwo nmy ho not one but miuiy metros; 
and, third, that the standards themaolvcs arc not ooui])leio. Vpnn this sub- 
ject yonr Committee have ro(*on11y r(5C(nvod a Rtport of a (^omnuttoe of the 
Physico-Muthcmat.ical Depaiimeiit of the Acudtmiy (if SeioiicoH of Jkders- 
burg, xeeonnaending that the diffemit Htates should b(» invited t-o nomitmto 
an International Commission fur thoj)urpose of preparing prototype standards 
of the metro, and so create a imit of measure truly utnversal and effectively 
international Your Committee arc gkd to hear that M. do Jacobi* to whoso 
able pen we owe the valuable Boport issued by the Committee of Weights and 
Measures for the International Conference in 18(J7, will be present at this 
Meeting to advocate this suggestion. The mode of obtaining a correct stan- 
dard is a question of administration which may bo safely loft to the Warden 
of the Standards ; yet your Committee arc of opinion that the Commission thus 
suggested may prove most beneficial, especially in ondoavouring to eorroet 
any smaB scientific defects in the system itself, and in the weights and mea- 
sures separately in connexion ' with it. Your Committoe are happy in ro- 
portmg that the Mural Standard, made under their direction, of the Metro 
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is higHy appreciated, and during the year copies of the same have been 
forwarded for public exhibition at hforwich and Exeter, and to the Harvard 
University in the United States. Your Committee arc desirous of making 
further grants of such Mural Standards, but the funds at their disposal do 
not allow them to use these efficient moans for diffusing the knowledge of the 
Metric System. Your Committee have much pleasure in reporting that 
considerable stimulus has been given to the study of the Metric System by 
the prizes offered to the students passing the examination of the Society of 
Arts and the British and Eoreign School Society on the subject ; and that the 
prize of £10 offered for the best school-book on the Metric System was gained 
by W. C. Yanghan for an excellent treatise on the subject, which your Com- 
mittee trust will soon be published and become extensively useful. 

Upon the subject of International Coinage no step has been taken since 
the report of the Eoyal Commissioners. 

The Chancellor of the Exchequer, however, has recently enunciated his 
views in favour of imposing a seigniorage of about one per cent., and of taking 
it from the coin with the view that the sovereign may become identical with 
the 25-franc piece. In his opinion, whilst the sovereign would still remain 
as a current coin in this country of exactly the same value as now, it would 
have the additional advantage that it would be identical in value with the 
25 -franc piece. The subject has been frequently before your Committee, 
but they conceive that a general understanding on this and many other points 
of extreme difficulty and magnitude should be arrived at by those conversant 
with the practical administration of the mints in different countries before 
the subject is deliberately submitted for the approval of the country ; and your 
Committee content themselves in echoing the recommendation of the Eoyal 
Commissioners on International Coinage, that another International Confe- 
rence may speedily he held for that purpose. The question is weE worthy of 
the attention of the British Association, and your Committee recommend 
that the Council of the British Association should make a representation to- 
that effect to Her Majesty’s Government. In conclusion, your Committee 
are persuaded that their efforts have not been in vain in stimulating the 
early realization of one uniform system of weights, measures, and coins in 
all countries, an object of the highest importance in the interest of science, 
education, commerce, and peace ; but their task being far from complete, 
and with a view to labour still farther towards that end, they recommend 
the reappointment of the Committee, with a grant of at least £50 for the 
purpose. 


Report on the Treatment and Utilization of Sewage. Brawn np hy Dr. 
Benjamin H. Paul, at the request of the Committee, coimsting of . 
Bailey Denton, M.Inst. C.E., F.G.S,, Dr. J. H. Gilbert, F.RS., 
■^Richard B. Grantham^ ikf. Inst. F*G.ig., Chairman, W. D. 
Harding, *^J. Thornhill Harrison, M, Inst. C.E,, *Dr. Benjamin 
H. Paul, Ph.D., EUS., Dr. R. Angus Smith, RR.S., and Professor 
J. A. Wanklyn. 

Probably one of the most important results of modern scientiffc inquiry is 
the general recognition of the fact that attention to the hygienic requirements 
* These Members only have attended the Meetings of the Committee, 
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of towns and populous places lias a great influence on tke prescu’vation of 
health and life. Hygienic measures calculated to prevent disease have 
therefore come to be regarded even of more importance than the knowledge 
gained by two thousand ycars^ experience in tin* art of iiK^diciiie. 

Pure air and water are two of tlio most esseutial requirementH of all 
populous pketvs. ^rho removal of water from the surface and from the 
subsoil by sonm kind of drainage has also been foujid esseiitialto thelnadtlii. 
ness of a place ; hut the thing most of all inqjortani in its influence on the 
sanitary condition of towns ike., and us ufteetiiig the purity of the air and 
water, is undoubtedly the mode in which tlie exeretal refuse of tludr 
population is dealt with. 

Even in the most primitive states of society it has always Imon found 
necessary to dispose of excreta and other refuse materials from dwellings in 
such a manner as to prevent them from becoming a nuisance ; and the most 
simple mode of clfocting that object was probably the plan pivscribed by 
Moses to the Jews 

The fact that animal excreta are useful as manure has also led, in many 
cases, to the adoption of some plan of dealing with them for that purpose, by 
which their accumulation in the vicinity of dwellings wumld bo prevtmied to a 
great extent ; and in that way no great difliculty would be oxperioncod in 
thinly populated places in devising simple measures sutficient to meet all ri^- 
quirements. Under such circumstances the mode of effecting the object in 
view would bo a matter to bo determined and carried out by the individual re- 
sidents of a place. But 'wherever the population became concejitrattxl in 
villages or towns, diflicultics arose as to the disposal of excrtda or their 
immediate removal and use as manure, in consequentH'. of which it became a 
practice almost universal to allow them to collect, together with other refuse, 
in pits dug in the ground near each house or group of houses, and then at 
intervals to remove the accumulated contents of these pits for use as manure. 
As the magnitude of towns increased, the difficulty of thus ch‘aling with 
exeretal refuse became greater, and the offensive consc(puuiccs of its accu- 
mulation near dwellings more sensible. Houce tliis subject became more 
and more a matter to be dealt with by the local authoritiivs, at first by regu- 
lation of the practices adopted by the inhabitants of a and eventually 
it became a duty to bo provided for and performed by the authorities them- 
selves in such a way as to ensure the common conyonionce and woU-boing 
of the population. 

However, tho full importance of this subject in other rosjKHds mm fur from 
being appreciated until within tho last thirty or forty yearn. It is only 
within^ this recent period that there has boon anything lik(^ an atlequaie 
recognition of the fact that tho sanitary state of dwellings ami towns, tho 
health and mortality of their population, tho condition of rivers, and other 
ahatters of importance are, as a general rule, largely influenced by the practices 
adopted in regard to exeretal refuse. Within that period inquiiy and expe- 
rience have shown that exeretal refuse, besides being offensive and, in some 
cases, a great nuisance when accumdatod in a state of putrcjfaction or decay 
jear dwellings, may be, and often is, a source of vast injury to the public 
health. ^ Opinions may vary as to the precise mode in which that inffuence 
laexercisea— whether by the evolution of deleterious gases, by the pollution 
of water, by the development of those minute organisms which are now very 
generally Considered to he tho media of infection, or in aU of these ways 
conjointly; but there is no longer any doubt or difference of opinion as to 
, ^ ^ Deuteronomy, oh. xxiii, ver, 12 
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the general truth that, in regard to the mode of dealing with excretal refuse, 
the sanitary point of view is far more important than any other. K, then, 
the weightiest question to he solved by a municipal body be, how best to 
preserve the he^th and life of the population committed to its charge, it is 
evident that one of the first duties of such a body is that of providing for the 
disposal of excretal refuse in a suitable manner. The recognition of this 
sanitary axiom has been so imperatively enforced during the present century 
by the frequent prevalence of epidemic diseases, such as cholera and fever, 
that it may perhaps now be regarded as unquestionable, except where igno- 
rance overcomes intelligence, and where mistaken notions of economy prevail. 

Under this aspect the subject has lately attracted very general attention, 
not only in this country but also in most civilized countries abroad. It will 
therefore be desirable to recite briefly the circumstances under which excretal 
refuse may become a source of injury to health, and to trace the course events 
have taken in regard to this subject since public attention was first directed 
to the sanitary condition of towns, and since measures have been adopted 
with a view to its amelioration. 

Besides the inconvenience and ofiensive character of the system of collecting 
excretal refuse in pits or vaults near dwellings, the evils consequent on that 
plan arose chiefly from the impregnation of the surrounding soil with decom- 
posing material, and sometimes also from, the pollution of water used for 
domestic purposes. The pits or reservoirs were in some cases provided with 
overflow channels or with drains, by which the liquid contents were discharged 
into a neighbouring watercourse or into a sewer; but in many cases that was 
unnecessary, where the soil was of a sufficiently porous nature to admit of the 
continuous free escape of liquid from the pits. By this natural drainage, 
according to the nature of the soil, the liquid portions of the excreta would 
permeate the soil and gain access to the wells, which were, as a very general 
custom, placed close to the pits where excreta were collected. Moreover this 
ffiul drainage would be augmented in many cases by the access of surface- 
water to the pits, especially during wet weather. 

These evils were often much aggravated by the absence of any systematic 
drainage or sewerage of towns sufficient for the removal of subsoil water, 
which became stagnant and putrefied beneath the dwellings. Even where 
underground sewers existed they appear to have been intended only for the 
-removal of surface-water ; the connexion of house-drains with these sewers 
was prohibited, and it was penal to discharge or throw any excretal or other 
ofiensive refuse into rivers. 

At that time the water-closets (introduced by Bramah in 1 793) were ve:^ 
rarely in use ; they had been adopted only in th(^ bettor class of houses in 
towns, and then they wore used in conjunction with underground vaults for 
receiving the material discharged from them. Their subsequent more general 
adoption, and the concurrent acquisition of a hotter and more copious water- 
supply, were no doubt largely conducive to domestic comfort and convenience ; 
but, in regard to the condition of towns, these changes were attended with 
a decided aggravation of the evils arising from the use of vaults or pits as 
receptacles of excreta ; for the drainage or overflow from these pits became 
continuous on account of the use of water in the closets, and it was no longer 
dependent on the occasional access of rain. Under these circumstances the 
pits or vaults became cesspools^, constantly charged with liquid, and in 
most cases they had no outlet into the sewers. Even so late as 1844 the Health 

* This term appears to be of recent origin, as it is not to be found in old dictionaries. 
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is to be done with the sewage of towns. The importance of this question 
is shown by the fact that, besides engaging the attention of the late General 
Board of Health, besides being frequently discussed in Parliament and by 
the various local authorities throughout the kingdom, it has within the last 
thirteen years given rise to the appointment of three Eoyal Commissions 
charged with the duties of investigating the subject and of suggesting 
remedial measures, viz. : — 

I. The Sewage Commission, dated 5th January 1857, “ to inquire into the 
best mode of distributing the sewage of towns and applying it to beneficial 
and profitable uses,’^ from which three reports have issued, bearing date 
March 1858, August 1861, and March 1865. The conclusions the Com- 
missioners arrived at were to the eifect that the direct application of sewage 
to land favourably situated, if judiciously carried out and confined to a 
suitable area exclusively grass, is profitable to persons so employing it ; that 
where the conditions are unfavourable, a small payment on the part of the 
local authorities will restore the balance ; that this method of sewage appli- 
cation, conducted with moderate care, is not productive of nuisance or injury 
to health. 

That methods of precipitation are satisfactory merely as a means of 
mitigating a nuisance. 

That the only radical way of restoring the rivers to their original purity is 
to prevent the discharge of foul matters into them, and especially the dis- 
charge of sewage and other refuse of large towns. 

That the right way to dispose of town sewage is to apply it continuously 
to land, and that it is only by such application that the pollution of rivers 
can be avoided. 

That the magnitude of a town presents no real difficulty to the effectual 
treatment of its sewage, provided it be considered as a coUection of smaller 
towns. 

II. The Rivers’ Commission, dated 18th May 1865, to inquire how far 
the present use of rivers for carrying off the sewage of towns, populous 
places, &e. can be prevented without risk to the public health, and how far 
such sewage &c. can be utilized,” from which three reports have already 
issued, bearing date March 1866, May 1867, and August 1867, and further 
reports are expected. 

And III. The Royal Sanitary Commission, dated November 1868, to in- 
quire into and report on the operations of the sanitary laws for towns, villages, 
and rural districts in Great Britain and Ireland, so far as these laws apply 
to sewerage, drainage, water-supply, removal of refuse, prevention of over- 
crowding, and other conditions conducive to the public health.” This latter 
Commission is now engaged in its first proceedings, which are limited to the 
consolidation and improvement of existing laws, and the establishment of a 
better recognized central control. It is expected that a preliminary report 
from this Commission will shortly appear. 

The object of your Committee has been understood by its Members as that 
of supplementing the above-mentioned public inquiries, with special informa- 
tion, as to the local circumstances and practical experience of various towns 
throughout the kingdom, and with other positive data relating to the subject, 
such as the Royal Sewage Commission have pointed out as requisite to be 
ascertained. 

Your Committee, in entering on its duties, came to the conclusion that 
since town sewage, as it is now most commonly known in this country, is a 
source of nuisance, inconvenience, and injury to health, chiefly by reason of 
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its containitig the excretal refuse of <he populnfioti, it was divsirahle the tern 
sewage should not bo roHtri(*ted to the liquid disehiirged froui sewers iu 
where there is a thorough sysioin of stneerago coiuhitUHl with wuter-eloseis 
and a copious sup]>ly o(‘ wai<‘r, oi% in otlun* words, where the* wuter-earringe 
sysiem ot dLsposiug of (‘Tcert'tal refuse has hern ad<q>1ed. hut ihai it Hluudd, 
for iht^ fairposes of ihiH iiujUiry, he nuderstood as (‘ouijuisiiig exereial refuse 
in any state. This <‘xlended up|dienii<m of the term sewage seiuned to he 
the nuire desirable^ siuee t]H*re are iiuiuy towns nu<l plaees that are at pres(*nt 
debarred from adopting any imuisureH for dealing witlt tiu*ir t‘Xeri‘tal refuse 
by doubts entertained as to the sanitary <‘flieaey of sueh a syst<‘in as that jiisi 
ment.umed, and by a Imowledgt^ of the <lithculti(‘H aittuidiilg the* disposjd of 
the sewage produced undcT that system. In order to ensure an exjdieit 
understanding on this point in all corres])oude 3 iee and com muiiieat ions, tho 
following resolution was pasm'd at a meeting of your (jounniiteu on the Tdli 
of January, IBtU), viz. : — 

“That tho Committee do interpret the vrml ‘sowago’ iu the instructions 
of tho Association as meaning any refus<^, from human hahitations, that may 
affect the public health and this interpretation of the term W‘uh speeified in 
all applications for information, 

Hearing in mind tho eircuimstance, already referred to in the introductory 
remarks, that formerly town-Hervers w^ero OHsentially drains, the ohjocis of 
which wen*, simply and exdusively tho rcunoval of surface- and sloj>-watei* 
hy the most' direct c:ours(5 to the noarexHi strc'um, as xvell as tho fad; that such 
^jew'ers, originally intended only for drainage, have in vnrions rvuys come to 
be confoundf3d with and used us servers for nunoving oxcretal r(‘fuso as rvoll 
as the surface and BiibvSoil rvabu*, it was, for these reusmis. considered to bo 
especially important to make a marked distinct-ion boiAV('(‘n drainage and 
sewerage, and, with that object, to designate the removal of surfa.ee and sub- 
soil water from land by permeable (‘boTimds “ drainage by drains,” and the 
removal of excretal or other refuse from dwellings, factories, &c., hy 

water through imperviouB conduits, “Rowerage l^y sewers.'^ A(?eording to 
this distinction, a drain should be understood as a p{3rmeabl(‘ clmrmcd adapted 
throughout its entire length to ramovo water from the soil surrounding it ; 
while a sewer should be understood as a elmnncl sufficiently impermeable to be 
adapted for convoying away house refuse withotit allowing tuther the refuse 
to escape through its sides or water to penetrate from wiiliotit. 

One of the first stops taken by the Committee was to apply to Her 
Majesty Becrotaryof Btatofortho Homo Departnumt for his asmstanee in ob- 
taining information from foroign countries respecting tho praetieem prevailing 
abroad for disposing of tho refuse of towns, vilkigtjs, iniblic institutions, facte- 
lip, dweUings, ^c,, and having rofereuco to the sanitary condition of the dis- 
tricts in which they are situated, tho state of rivers, or tho support and in- 
crease of tho produce of tho soil ; to this application Mr. Beerctary Bruce has 
given effect by transmitting from time to time very valuable information, 
received from tho following countries. 

Meeeivedpom the Home OJJice* 

lyforch, 1869. From Hamburg.' — 1. Statemont as to the sewerage in 
Hs^m^rg* 2. Plan of sowers in Hamburg forwarded by Mr. Ward to 
Lord Clarendon. 

,16th Mpeh, 1869. From Saxe Coburg Cotha.'-.Btatement as to removal 
and disposal of refuse from dweUings in Gotha, in a despatch from Mr. 0. 
^ T. Barnard to Lord Clarendon, 
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.25tli March, 1869. From Holland. — 1. Statement addressed by M. Boest 
van Limburg to Vice-Admiral Harris. 2. Statement of the Minister of 
the Interior at the Hague. 

30th March, 1869. From Bavaria. — 1. Despatch from Prince Hohenlohe 
to Sir Henry Howard. 2. Dio Kultur-Gesetze Bayerns unter der Bogie- 
rung Maximilian II. (The agricultural laws of Bavaria under the govern- 
ment of Maximilian the Second.) 3. Die bayerische Gesetzgebung und 
Verwaltung im Boreiche der Landwirthschaft. (Legislation and adminis- 
tration relating to agriculture in Bavaria.) 

14th April, 1869. From Baden. — 1. Despatch from Mr. E. W. Cope to Mr. 
G. I. K. Gordon, describing the modes of emptying cesspools in Carlsruhe 
and Freiburg, and disposing of the refuse. 2. Statement addressed by 
Baron Freidorf to Mr.E.W.Cope as to the treatment of house-refuse in the 
Grand Duchy. 3. Yertrag uber die Vornahme und Besorgung der gerueh- 
loson Entleerung der Abtrittsgruben, Abfuhr des Strassenkehrichts und der 
Haushaltungsabfalle, sowio der Beinigung der unterirdischen Kanale in 
Karlsruhe, nebst einem Anhange enthaltenddie hierherbeziighohen ortspo- 
lizeilichen Yorschriften. (Contract relating to the inodorous emptying of 
cesspits, removal of rubbish from the streets and dwellings, as weU as the 
cleansing of the underground sewers in Carlsruhe, together with an Ap- 
pendix containing the local regulations relating thereto.) 

2Gth April, 1869. From Saxony. — 1. Statement respecting the treatment of 
town-refuse addressed by M. de. Bosse to Mr. Hume Burnley, with extracts 
from the official regulations on this subject. 

26th April, 1869, From Prussia. — 1. Despatch from Baron Thiele to Lord 
Aug, Loftus, stating that the practice in use for transporting and disposing 
of the refuse of towns and villages in Prussia are at present very different, 
and in general unsatisfactory, and that very great difference of opinion 
prevails as to the necessary regulations to be made. 2. Gutachtliche 

' Ausserungen des Landes-Melioration Bau-Inspectors Boder und des Pro- 
fessors der Agricultur-Chemie Dr. Eichhorn liber die Yerwerthung dor 
Dungstoffe der Stadt Berhn fiir die Bodenkultur mit Bezugnahme auf das 
Project des geheimen Baurathes Wiebe Ueber die Beinigung und Ent- 
wiissorung der Stadt Berlin.” (Beport of Herr Boder, Inspector of Build- 
ing and Improvements, and Dr. Eichhorn, Professor of Agricultural Che- 
mistry, on the utilization of excreta from Berlin for agriculture with re- 
ference to the plan proposed by Herr 'Wicbe “ On the Cleansing and 
Drainage of Berlin.”) 3. Proposition des Landos-Oeconomio Bathes Weyhe 
betreffend die prqjoctirto Kanalirung Berlins und die Anwendung eines 
zwcokmiissigen Systems zur Entfernung und Nutzbarmachung der Dung- 
. stoffe dor Stadt im Intoresse dor Bodenkultur, u. s. w, (Memorandum by 
Hr, Weyho in reforonco to the proposed sewerage of Berlin, and to the appli- 
cation of an efficient system of removing excreta from the town, and 
utilizing them for the advantage of agriculture, &o.) 4. Die Ahfuhr und 
Yerwerthung der Dungstoffe in verschiodenen deutsohen und aussei’- 
deutschen Stadten, und darauf beziigliche Yorschlage fiir Berlin. Bericht 
der von Seiner Excellenz dem Minister fiir die landwirthschaftlichen An- 
gelegenheiten Herrn von Selchow emannten Kommission C. von Salviati, 
0, Boder, und Dr. Eichhorn. (Beport of the Commission appointed by the 
Minister of Agriculture to inquire into the removal and utilization of 
excreta in various German and other towns, and to consider the plans pro- 
posed with those objects for Berlin.) 6. DeberdieKanalisation von Berlin. 
Gutachton dor Konigl. wissenschaftlichen Deputation fiir das Medicinal- 
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wesen nebst einem Faclitm^^o mit ^usaUlichen Bemorkun/>en tou End. 
Yirchow* (Eoportof the Iloyal Medical Cemmisaion on the 8o wage of Berlin, 
with Appendix and remarks by End. Virchow.) 

18th May, 1869. From Switerlnnd. — 1. liqmrt from the Depadmeni of tho 
Interior at Borne to the Federal Council, forwarded by Mr, Boniir to Lord 
Clarendon, and contaLiiiiig information collected I'rom Uu^ muiuc.ipal botli(\s 
of various Swiss towns. 2. IJohcr Anlage stiidi iwdnw Ab/ngs-Kutiitlo und 
Bohandlnng der Abfallstonb aus Btadtcn. Von A. Biirkli. ('riu^emistnudion 
of town-sowers, and treatment of the refuse of towns.) IL llcher die 
inoaken-Vorhaltnissc dor Stadt Berne von T)r. Adolf Vogt. (1'he Hcwmugo 
of Bemo.) 4. Die Wasserverhiilinissc Borns in J](*:fliehinig zu dtm Difee-- 
tions Xranldiciten von Dr. A. Ziegler. (The connexion between water- 
supply and infectious diseases in Borne.) 5, Instruction sur rAssainisse- 
ment dcs habitations et dea rues. (Directions for impiwing tluj sanitary 
condition of dwellings and streets.) Drawn up by the SpiTtal Sanitary 
Commission appointed by the Municipality of Lausanne in 18(>7, and ap- 
proved by the Municipal Board of Health. 

20th May, 1869, From Austria and Hungary. — 1. Dcspaltdi from tlie Minister 
of Foreign Affairs at Vienna to Lord Blomficld, describing the methods in 
use in both portions of the empire. 

20th May, 1869. From Belgium, — 1. Report from Vand<‘r8ti(dudon to 
Mr. Savile Lumley on the regulations for disposing of refuse in Lnvna and 
villages in Belgium. 2. Police dcs EtablisHeinonH dangeiuni.x itmalubres 
ou incommodes. (Regulations concerning works that are danger >uh, un- 
healthy, or a nuisance.) 8. Memoiro sur la revision de la Legislation dcs 
eours d’oau non-navigablos ni tlottablea, &c. (Hemoir on tlio revision of 
laws relating to watercourses that ai'O not navigable.) A priito essay by 
M. Jules Sauveur. 

20th May, 1869. From Sweden, — 1, Despatch from Count Wuchtmeister to 
Mr, Jermingham. 2, Report presented to the Grand (lovenu^r in Stock- 
holm by the Board charged with tlio removal of refuse from the town, 
»8. Statement of expenditure and receipts of the Board during 1868. 
4* Ofver-Stilthallare-Embotots Kungbrolso ang&onde surskolda ordninga- 
fdreskriftor for Stockholm utbfver hoad Rongl, Majis. Nftdiga (Irdning- 
stadga for Rikets Siader innahdller, 11 Jan. 1869. (Rognlation issued by 
tho Grand Governor respecting removal of refuse.) 6. Project for re- 
moving rofueo by railway as suggested to tho Town Council of 8U>ckholm 
by M. A Hanongron. 

20th May, 1869. From Denmark. — 1. Dosjmtch from Sir fi. L. Wyke to the 
Earl of Clarendon, stating that no precise data can bo obtained. 

20th May, 1869, From Turkey.—!. Extract from Mr. Elliot’s dcspatchi 
stating that in Turkey matters are emiductod in the most primitive manner. 

20th May, 1869. From Grcoco, — 1. Despatch from tho Minister of Foreign 
Affaim at Athens to the Hon. E. M. Erskino, stating that tlio refuse of 
dwellings is generally carried out of tho towns in carts at the expense of tho 
municipal authorities, and that its application in agriculture is very limited. 

20ib. May^ 1869. From Rxissia.— Statement of the regulations as to removal 
'of town refuse and its application in agriculture, for preventing pollution 
* of ymtor and other matters relating to public health. 

SHJth Mayr 1869. From the United States of America.—!. Despatch fh>m 
» Mr.^ Tlmrnton to the Earl of Clarendon, containing information furnished 
, ,by Oonirds at some of the principal cities in the United States. 
^ Anim^ Report j&om the Superintendent of Health in Boston to the 
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City Council for tlio year 1868* 3. Copies of ordinances issued by the 
Health Office and Mayor of the City of Boston in reforenco to houso-offal, 
ashes, &c. The construction of vaults and privies. Sanitary visitation. 
4, Description of a plan for the Drainage of Washington proposed by Mr. 
?, H* Douegan. 5. Letter addressed from the Mayor^s office of the City 
of Halcm to Mr, Consul Louaada, stating that a system of sewerage is being 
constructcHl in that city by which the whole of the town-refuse will bo 
carried into tho two rivers between which it stands, instead of being 
collected, as heretofore, in vaults or cesspits, and carted away at intervals 
to servo as manure. 6. Municipal llegistor containing the ordinances, 
regxilations, &c. of tho City of Salem for 1867. 

20th May, 18 GO. From Wiirtemberg. — 1. Despatch from Mr. Gordon to the 
Earl of Clarendon. 2. Strassen-Polizoi-Yorschriften fiir die Stadt Stutt- 
gart. (Police regulations for the streets of Stuttgard.) 3. Eeport on the 
disposal of refuse in towns and dwellings, addressed to the Minister of the 
Interior hy tho Central Board of Agriculture in Stuttgard. 

It appears from theso documents that in most cases (both in town and 
country places) the use of privies is very general, water-closets being rare 
even in large towns, and that tho usual method of dealing with human 
oxorota is to allow thorn to collect in pits (Abtritisgrubon, fosses), which are 
sometimes drained, cither naturally hy tho pemeablo character of the soil, or 
artificially, so that most or all of the liquid portion of the contents of the pits 
flows away or infiltrates the surrounding soil. Frequently privies are built 
over rivers, with the object of getting rid of the excreta at once; and at 
some places methods still more objectionable are adopted, many houses are 
without cither water-closets or privies, the common custom being to use 
nightstools, which are emptied into pits near the house ; thus, for instance, in 
Berlin, with a population under 600,000, there are said to be no less than 
50,000 nightstools in daily use. 

Only in some few foreign towns is there any system of sewerage for the 
removal of excreta by means of water ; this is the case in Hamburg, Paris, 
Brussels, Hanover, Washington, Philadelphia, San Francisco, and some other 
American towns to a greater or less extent. In some other towns modified 
arrangements of tho privy and pit system have been to some extent adopted. 
These consist in substituting for the ordinary pit either a fixed or a portable re- 
servoir for receiving tho excreta. These reservoirs aro sometimes constructed 
with a drain by which tho overflow or the liquid contents escape, and some- 
times they are both water- and air-tight, the discharge of tho liquid contents 
into the sewers being prohibited. In some cases such reservoirs are con- 
structed so as to receive only the excreta, and sometimes so as to separate the 
solid and liquid excreta ; but they are also used in combination with water- 
closets, and sometimes they receive rain-water from tho houso-roofs as 
well* 

The contents of the fixed reservoirs axe removed periodically in several 
different ways, and according to divers local regulations. Sometimes the 
contents are simply dipped out, and sometimes they are removed either hy 
pumping into closed tank-carts with lift-pumps, or hy means of a vacuum 
previously produced in the tank-cart. In some few cases the time that may 
elapse between, the removal of the contents of these reservoirs is fixed by the 
local authorities. The portable reservoirs are from time to time removed 
and replaced by empty reservoirs, then carried outside the town, and their 
contents used as manure in some way. Both tho fixed and portable re- 
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servoirs are frequently ventilated by mojius of nliaftH rising above the house- 
tops. Pixed reservoirs aro used in Oarlsruhe, OsUaid, Antwerp^ Si raaburg, 
Berlin, Dresden, 

Portable reservoirs are used in Gratis, Dresden J.eipKig, Sirasburg, fhndin, 
Paris. Generally the coiiteriis of pits and of fixed or portabb* resin'voirs are 
used as manure. In some cases en.eh hous«*hoIder pays for i he I'emovul of 
excretal refuse, in others the (tout outs of piis and restaToirs are so id. At 
some places the town autlioiitios pay for i.lu* removal of fhe nd'use and 
street-sweepings. Thus in (Jarlsruho, n town witli ubotii 25,000 iiihalutanis 
and 1400 houses, about J500 a year is paid to the coiiirantor for ihisHtirviee, 
and the contractor soils the manure. 

Sometimes a town derives some return from tlie cxeretnl and of.luT nTuso 
removed and used as manure. In the town of (irmiingen the yearly prtjfit 
amounts to about .£1000, in Antwerp it is .£270i b at i fstend .i7i Ml. I n Stras- 
burg the cost of removal is only just covenMl by Ibo sale of* the inanurt*. The 
sale of the refuse from the barraclcs at Garlsrulio, where 2StH) men wore 
quartered, has realized a"'profit of A'liOO a year, and tlie aiitaulimt cxpenH(‘s 
amounted to al)ont <£40 a year. 

According to experience in the noighhourhood of Berms liable, Munich, 
Zurich, Ghent, and other towns where excrcdal refusti is rem(n‘(‘d and uh(kI 
as manure, there is always a profit realized after ]iayin<mt of the cost of 
removal and transport ; and it appears to be considtjred prohahh* that tlu^ 
expense attending this system would bo roduood by the adoption of portable 
reservoirs. In some other towns the cost of rtnnoval and transport exceeds 
the return 5 thus, in Stockholm, with a ])opulation of about blO.UOO, the 
expenditure amounts to <£35,000 a year, and the income derived from the sale 
of the refuse as manure is £33,000 a year. 

In Hamburg there is an extensive system of snwerago, and in a largo part 
of the town the excreta aro removed by wator-carriago through sewers. In 
Brussels, Paris, Lausanno, and Lugano the water-carriage system is iilso 
more or less adopted in some form adapted to local conditions. However, 
in the two latter towns wator-olosets aro hut rarely tised, atid in Basle likewise 
the privies aro situated so as to discharge into the Rhine, or into one of its 
tributaries. In the caso of Hamburg the water of the Blhe is stated to bo 
much polluted by the discharge of sownge, but witlumt any apparent serious 
influence on health. However, statistics furnished by the Heesrotary to the 
Hamburg Board of Health show that the rate of mortality has kept pace with 
the incroaso of population. In 1840, before the construction of thi» iowenige, 
the popnlatimi was 137,000, with a mortality of 28 por thousand. Iti 1848 
tho popirlation was 148,000, with a mortality of 22 per thousand ; in 1859 
the population was 174,000, with a mortality of 20 per thousand *, and in 
1806 tho population was 195,000, with a mortality of 28 por thousand. 

Tho general purport of tho communications roeoivod from foreign countries 
is to show that tho question ns to the moans by whicli ex(*retal refuse may be 
disposed of and removed from dwellings, villages, and towns, so as to prevent 
nmsance or evil oonsoquences as regards the sanitary condition of the locality, 
ilv at least, quite as much an open and disputed question as it is in this 
country. In these documents there is abundant evidence that, wherever the 
^ubjeet has been considered, there is a strong, though vague sense of the 
to iii^& resulting from the accumulation of excrotsd materials in pits 
te. withm populous districts, by the impregnation of the soil, by the pi- 
hition of rivers ' and well-water with drainage from such acoumuktions, or 
fam the ^charge of ©xoretal materials into watercourses directly or indi- 
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rectly ; and it appears to be generally admitted that these are serious evils 
that require to bo remedied. 

Besides those views as to the sanitary aspect of the subject, there is still 
more (letuHive eyidenoe of the conviction that a vast quantity of material is 
now wasted whieli might be of gToat service in agriculture for sustaining and 
augttumiing iljo fertility of cultivated land. There is, however, no instance 
HI w*hi(‘h (hnnslvc conelusionH have boon ariived at as to tbc best mode of 
doalitig with tt)wn“refuse so as to secure a satisfactory state of public health, 
aud^ at the vsame tiitie admit of the agricultural value of that refuse being 
reali/icd withotii concurrtsnt disadvantages. It docs not appear that any par- 
ticulnr improved system of dealing with house-refuse has been generally 
adopted as a substitute for the old practice of collecting such refuse in pits 
with perioflical removal of the contents ; neither is there any case where an 
attempted improvomont has been long enough practised to furnish satisfactory 
evidence ns to the efficacy of the means adopted, and their influence on public 
health. In both these respects it may safely be said that foreign towns are, 
as a rule, far bcdiind some towns in tliis countiy. 

The method of removing excrotal refuse by pumping it into carts and carry- 
ing it out of the town to the neighbouring land, has in some instances been 
continued with satisfaction, while in other instances it has been abandoned 
after trial. 

The plans of collecting and removing excrotal refuse in portable closed 
reservoirs has boon largtdy adopted in Franco, Saxony, Switzerland, and other 
countries | but in no case is any specific information given as to the extent to 
which the liquid portion escapes, spontaneously or by drainage, to pollute the 
adjoining soil and watercourses, or how far the portion of the refuse that 
remains represents the original value of the excreta for agriculture. In some 
towns it is evident that only the solid excreta are used as manure ; thus in 
Zurich there is a system of sewerage which carries off both the rain-water 
and liquid drainage from gutters, houses, and reservoirs for collecting excreta. 
Probably in most cases, where cesspools or fixed and portable reservoirs are 
in use, the greater part of the liquid excreta drains away. 

In some towns, as in Berlin for instance, the use of water as a means of 
transporting the refuse has been proposed, and it is stiU under consideration. 
Borne of tlu) scientific authorities deputed to inquire into the subject have, 
however, recommended that any general system of sewerage, based on that 
principle, should not bo adopted, because of the increased difficulty it gives 
rise to in the realization of the value of the excreta as manure, and because 
of the anticipated prejudicial influences on tho air of the district if the 
sewage were applied to land, and upon the water of rivers if the liquid 
refuse wore mixed with it. 

There does not appear to he, in any country, general or systematic legisla- 
tion in reference to sanitary matters. Almost everywhere the regulations 
with that object are in the hands of tho police or other local authorities ; and 
though the provisions relating to removal of refuse, cleaning of streets, d:o. 
are often veiy minute and stringent, they are seldom or ever of such a 
nature as to deal effectually with those tendencies to unhealthiness which 
result from accumulation of excretal and other refuse material, especially in 
large towns or densely populated districts. 

* As to the precise conditions ,that affect the public health, the connexion 
between the sanitary state of towns and the drainage, water-supply, mode of 
disposing of excretal refuse, there appears to be, even more than in this 
country, an absence of definite knowledge or of demonstrative evidence in 
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favour of any particular view, though at the same time there is everywhere 
in civilized countries an earnest consideration of these subjects in all their 
bearings — sanitary, municipal, and a-griculttiral. 

While this information was being collocted from foreign emintries, the 
Committee prepared a scries of (j[UOst,ion8 with the object of (diciting infer* 
mation as to the several cities, towns, and niral districis throughout tho 
United Kingdom, so far as tho moans at its disposal W(»uld permit. Tlmso 
questions wore sent to 840 local sanitary ami sower a-iithorities, r(‘}u*(‘Bcnting 
a population of about 10 millions. Up to the proseut time nqdios have been 
received from 107 places having an aggregate population of more than 4 
millions. 

Nmnler and Po^iihtmi of Toiims 

Applied to. AnHwemi. 


Towns with upwards of 100,000 10 8 

„ „ between 100,000 and 50,000. .. . 28 13 

„ „ „ 50,000 and 20, 000,... 50 22 

„ „ „ 20,000 and 10,000.... GO 23 

„ „ „ 10,000 134 33 

Eural districts 30 8 


310 107 

Toial Area, Mmiber of Homes, and RaUahh Valm — Of tho 107 places 
from which replies have been received, tho total area of 78 of them is stated 
to he 413,218 acres. Tho areas of the remaining 20 places have not been 
specified. 

In 93 of those places the total number of bouses is stated to bo 727,816, 
and their aggregate rateable value J1 4,849,550, 

In fourfceon instances no particulars were stated as to these points* 
Water-su'pifly . — It appears that tho sources of water-supply in these 
places are as follow t — 

Nambor of towns. Aggregate population. 

Surface-wells 24 354,800 

Springs 8 (13,680 

Springs and gathering-grounds .... 16 1,210,906 

Gathering-grounds and wells ...... 0 606,552 

Gathering-grounds and rivers 2 59,000 

Rivers and streams 26 843, i 40 

Lakes t 19,000 

Artesian wells 12 263,500 

Artesian wells, rivers, and sur&ce- 

wclls 2 446,000 

Ko information givetx 13 393,746 

Of these places, 80 arc provided with waterworks, 

27 are without waterworks, or give no definite information* 
The quantity of water supplied per head of tho population is stated to bo 
as under ; — 


Number of towns. 

From 60 to 30 gallons * 7 


30 „ 20 „ .... 

26 

n ^ « 1^ jj - • • - 


n 16 ,, 10 ,, , * , . 

16 

Under 10 

3 

Hot stated, 



Aggregate population. 
596,800 
1,477,007 

465.600 

870.600 

42,600 

1,444,000 
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The largest amount of water supplied is in the case of Lynn, where it is 
stated to bo 56 gallons per head daily, and the smallest amount is said to be 
supplied in the case of Stroud, where it is only 4 gallons per head. 

Disposal of Rvoretal llefase . — Of the 107 places there are 42 whore the 
old system of using privies with pits for collecting the refuse is general, and 
25 whore it is partially adhered to. In 42 places water-closets are general, 
and in 25 places they have been adopted partially to a greater or loss extent. 

Sewerage , — Out of the 107 places there are only 11 where no system of 
sewerage exists ; in the remainder the sewerage of the towns is either 
general or partial, but in some instances very defective. 


Number of Houses. 


Number of 
towns. Total. 


Sewered. 


Completely sewered 48 
Partially sewered . . 48 
Not sewered 11 


375,002 375,002 

337,299 152,785 

24,800 


Population. 


Total. 

2,230,578 

1,973,753 

145,000 


Pisebarging 

into 

sewers. 


2,230,578 

1,039,731 


107 


Of the places which axe completely sewered there are, — 

29 where water-closets are general. 

12 „ privies „ „ 

7 „ both are used. 


Of the places which are only partially sewered there are, — 

12 where water-closets are general. 

22 „ privies „ „ 

14 „ both are used. 


Of the places which are not sewered there are, — 

1 where water-closets are general. 

C „ privies „ „ 

3 „ both are used. 

Disposal of Liquid Sewage and Contents of Pits cf’c, — At 71 places 
out of the 107 the liquid sewage, consisting cither of the discharge from 
water-closets, or of the drainage and overflow from pits and cesspools, is 
discharged into the adjoining stream or rivor, and in two instances it is dis- 
charged into pools of water. At a few of those places the sewage is hrst 
submitted to some hind of treatment, chiefly with the object of preventing 
or mitigating mxisance. At Bury St. Edmunds the liquid sew^age is partly 
got rid of by means of dead wells. 

In 38 places the contents of pits and cesspools are carted away. 

At 15 places the liquid sewage is applied to land, either whoUy or partially, 
and at 2 of those places it is previously subjected to treatment. 

The number of towns where these different plans are adopted is shown by 
tho following Table : — 
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Towns com- 1 
pletcly sow- > 48 

cred J 

Towns parti- 1 
ally sower- I 48 
ed J 

Towns not I 
sewered . . | 


Total number 107 

It will bo evident that, according to local conditions, there will ho great dif- 
ferences in the nature of the liquid sewage of diti ere iit places, and that (^vcii the 
contents of pits, cesspools, &c. will vary, according m the soil is readily or 
slightly permeable. The amonni of the watcr-sup])iy and the adinission or ex- 
clusion of surface-water fx'om the sewers will also i)e of inllnence in this way* 

Total Quantity and Amount of LUjuid Heimaje . — Amotig the 1)0 places 
where there is a system of sewerage, either gtmeral or partial, combined 
with water-closets and a copious supjdy of water, the luininmtii daily (|uan- 
tity of liquid sewage discharged varies from 20,000 gallons ns at Alton, to 
17 million gallons as at Birmingham, and 130 million gallons as at Liverpool* 

The storm-discharge at places where the sxirfaco-water Is adinitUul to the 
sowers varies from ono and a half to twenty times as much as the discharge 
during dry weather, and at jdacos where the surface-water is wholly or par- 
tially excluded it varies from ono and one-tenth to seven trimes as much as 
the dry-weathor discharge. 

The average amount of liquid sewage per head of the popdation in places 
where the surface-water is admitted to the sewers varies from 10 to upwards 
of 100 gallons, and at places where the surface-water is excluded it varies 
from 6 to 100. 

Treatment of Liqmd ^ewaye, — At 15 of the places which are sewered 
wholly or partially, tlie liquid sewage is stibjcictcd to treatment either by 
allowing it to remain for a time in settling-tauks, from which the dojxonit is 
occasionally removed, as at Burton-on-Tnmt, Birraingham, KpHiun, Fareham, 
and Andover, or by liltoring, as at Uxbridge and Haling* 

In eight instances doodoming materials are added to the sewage. I hue a,tid 
carbolic acid are used at Carlisle and Harrow, lime alone is tistnl at Leicester, 
lime and chloride of limo at Luton, perchluride of iron at Cheltenham, pt^rcdilo- 
rido of iron and lime at Northampton, ferruginoxis clay treated with stilphurio 
acid at Stroud, and at Leamington the Umo troaimont has lately bison super- 
seded by the method proposed by Messrs. Sillar and Wigner. By this trcatmeiit 
the sewage is clarified, and a deposit is separated which is sold as manure. 

In regard to the effects thus produced, it is stated that at LoieoBter the 
sewage runs off as pure as ordinary rain-water ; at Ealing it is said to bo fk*eo 
from smelt, colourless, and harmless to vegetable or animal life ; at Btroud 
and Luton the effect is stated to bo satisfactory. At Harrow the nuisance is 
said to be somewhat mitigated, and at Abergavenny the stench is said to 
be abated by the treatment of the sewage. At Bury St. Edmunds upward 
^tration through charcoal and gypsum has boon abandoned as too costly and 
m favour of irrigation. At Banbury treatment of the sewage has failed, and 
irrigation is now resorted to. At Hereford, where it was proposed to be 
idopted in the BarliamOntary plans, it has not been tried, on the score of ex- 
pense* At Tonbridge it is about to be tried ; and at Hastings and Cambridge 
experiments are being made. 


r Water-closets general 29 

^ Privies 12 

[ Both used 7 

{ Waicr-cloHois generjil 12 

Privies 22 

Both used 14 

r Water-closets used . . 1 

Privies 6 

Both 4 


S«‘\Nnja:c tlts- 


Cmi<,(‘nts of 

charg<*d into 

UHt'd lor 

pitH 

rivora j&e. 

imgation. 

away . 

2(3 

3 

1 15 

2 

5 

f 

9 

3 ' 

1 

17 

^ ; 

1 18 

12 

J 

1 

4 

1 

1 

► 5 



Water-closets general- 
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^ The cost of treatment amounts to .;012OO a year at Leicester for a popula- 
tion of 89^000 discharging into the sewers. At Ealing, with a population of 
7500, the annual cost is £l300, and the cost of the plant for the purpose was 
£3000, At Luton, with a population of 18,000, the annual cost is £500 ; at 
Cheltenham, with a population of 36,000, it is £350 ; at TJxhridge, with 
7000 population, it is £200 ; and at Alton, with 3300 population, it is £46, 

The solid deposit obtained by treating liquid sewage is sold at prices 
-varying from 6cl to 2s. 6c?. per ton. At Leicester as much as 5000 tons is 
produced. At Luton the deposit is mixed with nightrsoil, at Banbury with 
street-sweepings, and at Stroud it is made the basis of a manure that is said 
to be sold at £7 10s. per ton. 

A]jplicatwn of Liquid Sewage for Irrigation , — In only 15 places out of the 
96 where the water-carriage system of removing excretal refuse is adopted, 
either generally or partially, is the sewage applied for irrigating land. Of 
these places 8 are completely sewered ; in 11 of them water-closets are 
general, and in 2 they are partial. The remaining 7 towns are only partially 
sewered, and in 3 of these water-closets are general, while privies are gene- 
ral in the other 4 towns. 

The areas of land to which the sewage of these places is applied are shown 
by the following Table : — 


Towns. 


/'Edinburgh , 
I Carlisle .... 

I Bugby 

Chelmsford. 

I Epsom 

Harrow .... 
I Banbury .... 
{ Newmarket . 
I “ (Bedford .... 
Braintree... . 


Malvern 


Tonfcerden 

Birmingham 

Chorley 

Bury St Edmund’s 


jPopulati'ondis-| 
ohargmg' into 
sewers. 


190,000 

ai,ooo 

8,700 

8,600 

4.000 
3,500 

10,800 

3,500 

16,604 

6.000 

5.000 

4.000 
300, (KX) 

13,300 

14,000 


Area of 
irrigated 
land. 


Area re- 
miiredfor 
irrigation 


Acres. 

336 

110 

65 

50 

30 

16 

120 

55 


40 
to 

-50 

135 

41 


no 

50 

50 

100 


Various. 

Pasture. 

C-ravel&olay. 


134 


15 


Character. 


Ckv. 

\mt 

[soil 
Cravel sub- 
Pasture. 


[gravel. 
Clay and 
Clay subsoil. 
Light. 


Additional land. 


iSome in hands of lessee.! 

[reach, 

150 acres, too high tol 
, 90 „ 

|None. 

14 „ 


100 ,, 


46 „ 


The following towns are about to apply their sewage for irrigation, or 
they contemplate doing so : — 



Towns, 

Population dis- 
charging into 
rivers. 

Area of 
land to bo 
irrigated. 

Character. 

Additional land. 

w.c. 

general. 

r Tunbridge Wells ... 

12,800 

Acres. 

123 


170 acres. 

Surbiton 

Kingston-on-Thames 

Nottingham 

Inverness 

Perth 

Aberdeen.... 

Norwich 

7,100 

12,000 

86,000 

18,000? 

16,000 

60,000 

67,000 

700 

Light loam. 
Sandy. 

Light. 

500 „ 


Skipton 

Heigate 

Aylesbury 

Evesham 

5,500 

9,000 
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At TonMdge it is stated that the application of the sewage for irrigating 
lanil -wonld he almost impossible, and the local airthoritios bcHove all trials 
that have been made to apply sewage in this way are fniluroa and a source of 
dissatisfaction on account of nuisance aud e.'cjwnso. hineohi is also said not 
to admit of this application of sewage. At Cambridge the subject is under 
consideration. 

Comparing tlio extent of land irrigated and the ])optiIation dinriiarging 
into fbo sewers at the places above named, it appears that in the case of Bir- 
mingham there is only *4 of an acre per 1000 of population ; at Edinburgh 
there is 1*7 acre per 1000 ; at Carlisle, Bedford, and Ohorloy there is from B 
to 3*5 acres ; at Harrow, Beigate, and Chelmsford there is from 5 to Bdl 
acres ; at Epsom, Bngby, and Malvern from 7*5 io 1 0 acres ; at Tunbridge 
Wells, Banbury, and Norwich from 10 to 12 acres per JUOO. 

There does not appear to he any provision in most cases foi^nclclitional 
land for irrigation except at Carlisle aud Norwich. At Chelmsford there is 
some, but it is too high to be reached ; and at Tunbridge Weils the purchase 
of additional land is contemplated. 

At Carlisle, Boigate, Epsom, Inverness, and Tonterden the land stdccicd 
for irrigation is situated within the district, under control of the local sower 
authorities, at a distance of from one-fifth of a mile io half a mile from the 
centre of the town, and within a quarter of a mile of i,he out-skirts. At 
Edinburgh, Bedford, Rugby, Chelmsford, Harrow, 8ki}>ton, Norwich, Perth, 
and Bury St. Edmunds, it is outside the distri(5t, at a distances of from half a 
mile (Perth) to 3 miles (Norwich) from the centre of the town, and from half 
a mile (Bury St.IMinunds, Harrow, Chchnsford, Bedford) to Ij milo(Nt)rwich) 
beyond the outskirts; at Birmingham, Chorley, Brain tree, Banbury, and 
Malvern the land is partly within and partly outside the district under the 
sewer authorities. 

The distance of the irrigated land from the lowest sewor-outloi of the to’wn 
varies from 100 yards to upwards of a mile. In some cases it has boon pur- 
chased, as at Harrow, lloigate, and Tunbridge Wells ; but in most cases it 
has been leased. Bometimes it is ooenpied by the sower auihoriiioa, some- 
times let to a farmer, as shown in the accompanying Table, which shows also 
the cost of delivery to the land by gravitation or pumping, and other details. 

At most places the application of the sewage to land has boon found to 
exercise a most benedoial influence on tlie conditioti of the streams and 
rivers receiving the drainage of tho district. At Epsom thoro was some* 
damage done to the Ilog^s Mill River, but no complaint is now made. Even 
whore only the solid portion of tho sewage is separated by filtndhm or preci- 
pitation, tho state of rivers receiving the discharge is to some extent improved* 
At Northampton an application for an injunction has boon made by a miller 
resident on the stream. 

Generally speaking no objections appear to have boon made to the applica- 
tion of sewage for irrigation ; and whore such objections have been urged, on 
iie ground that tho application was offensive mid injuriotis, they do not 
appear to have been supported by medical authority, and in several instances 
m&v have ceased. 

As regards the sanitary condition of these districts, it appears that in most 
eases the application of sewage for irrigation has not been attended with any 
apparent change ; but there is said to be a marked improvement at Braintree. 

It is to be understood that, in all cases, the data given in this Report and re- 
lating to this count:^, have been obtained from the local sewer authorities, in 
r^ly to letters of inquiry sent by the Committee, and that since there hm 
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not pt been any opportunity for examining in detail the circumstances of any 
particular locality, it would be premature at i)resent to venture on any con- 
ditions as to the numerous questions arising in reference to the treatment and 
utilization of sewage, or oven to trust implicitly to the figures <S:c. given. Even on 
the assumption that the information furnished to the Committee does fairly re- 
present the whole of the circumstances to be considered, that information pre- 
sents so much variation and oven discrepancy in several important details, that 
it seems indispensable there should be, in many instances, a minute investiga- 
tion npon the spot, which the Committee has not yet had the power to make. 

Although the Committee regards the present lieport as dealing only par- 
tially with the subject of sewage, and as being in fact only a preliminary step 
towards the work required to be done, it is considered that there are two 
points (viz. the cost of various methods of dealing with excretal refuse, and 
their influence on the sanitary condition of towns) which must he referred to 
here, so far as the data obtained will permit. 

The removal of the contents of -pits and cesspools by cartage appears to he 
in some few instances conducted with some profit ; more frequently, how- 
ever, the cost is at least equal to the return obtained, and very often it is a 
source of loss. In regard to this point there is a marked difference between the 
results obtained in this country and those obtained on the Continent, where 
the removal of the contents of the pits is frequently profitable, either to indivi- 
duals or to towns. The treatment of liquid sewage does not appear to have 
been advantageous in any instance, except in lessening the nuisance that would 
otherwise he caused by the discharge of sewage into rivers, and in most in- 
stances it has been a source of loss to tho towns where it is practised. 

The cost of the application of sewage for irrigatirg land appears to he 
dependent on a number of local oondi.tions, and consequently to vary consider- 
ably. It would seem, from the data obtained, that in many instances the outlay 
requisite for this purpose would exceed what a farmer could be expected to 
incur, and that, in such cases at least, it would be proper to regard this outlay 
as coming under two distinct heads, viz. that which a town may reasonably he 
expected to bear for the mere object of getting rid of its refuse, and that which 
landowners or farmers may bo able to incur for the improvement of their land. 
‘It’ is probable that, when viewed in this light, the application of liquid sewage 
to land would become a source of revenue to towns only under specially 
favourable circumstances ; and that, in o]Dposition to the opinions w’hich have 
been somewhat hastily formed in certain cases, it will more frequently entail 
some amount of expenditure on the towns themselves. At the same time the 
benefit to land, and tho improvement in tho condition of rivers to be realized 
by the mode of dealing with liquid sewage, can scarcely ho matter of doubt or 
imeertainty any longer. 

In regard to tho sanitary aspect of tho subject, it may bo regarded as 
beyond question that the praciice of allowing excretal refuse to accumulate 
and remain neglected for a long time near dwellings, in pits, middens, cess- 
pools, or otherwise, is almost invariably accompanied by prejudicial effects on 
the sanitary condition of the places where it is adopted, either by the im- 
pregnation of the soil with decaying material, by the pollution of water, or 
by noxious exhalations. 

But even in some places where the water-supply has been improved, where a 
system of sewerage has been adopted, and other measures have been taken 
with tho object of getting rid of excretal refuse, the fact that the rate of 
‘ mortality has not been sensibly, if at all diminished, appears to point to some 
circumstance, as yet insufficiently guarded against, which still exercises a pre- 
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judicial influence. Tlio impcrlcct or (l(^f(^ctive naiuro uf llie Howerage may, by 
allowing infiltration of sewage into the soil audits passage to tlie foundations 
of houses, in some eases bo the cause to which this rt^Huli is referable.^ But 
011.0 part of the sewerage system wdib'.h most urgently demands aiienUon at 
the jiroscnt time is the vontilation. nas<)H of a poisonous (U' di'leterious nature 
arc freely given off from lupikl H<‘.wag<^ in its passage^ along the sewers, or 
from deposits collecting in tliem and in the lioUvse-dndnH. Thest^^ gascis na- 
turally ascend the sewea's, and find egress, either into the Htr<Hd.s of a town or 
into tiio dwellings, by means of the lions(Mlrnins and otherwise. I'ht^ moatm 
adopted for getting rid of these gases, without injury to llu3 sanitary state 
of a town or of the houses in it, arc rarely of such a kind as to he efil'ciive ; 
and the returns already obtained in reference to this matter siiMciently show 
that attention has not been directed to it in a degrt^o coinmonsnratc with its 
importance. 

On these grounds the Committee considers that it would he in the highest 
degree desirable to institute an inquiry into the nature of the gaseous ema- 
nations from sowers in various places, that being one of Iho points now most 
import-ant in connexion with iho system of disposing of cxcndal refuse which 
is rapidly being adopted throughout ibis country. In rtferencotoiho appli- 
cation of liquid sewage to lancl, it is also considered that, in mldition to va- 
rious other points relating to the application and puvifteaiion of sewage-^ water 
by irrigation, it would bo very serviceable to make some inquiry into the 
nature of the sewage discharged in various jilaccs, so as to asceriain the dif- 
ferences that exist in liquid sewage so far as its wiluo as manure is con- 
cerned, and at the same time to endeavour to obtain more deAnitoinfonnatiou 
as to the cost of removing night-soil, and as to its agricultural value as esta- 
blished by practice. 


Supplement to the Second Report of the Committm on the (kndensaiion 
and Analysis of Tables of Steamship Perjomance. 

The Committee have to report that the sum of X3() grautc'd to them has 
been wholly expended in iho payment of Mr. (iuani, their tfalculiitor, as 
authorized in the resolution by which they wove u]q)f)inti*d. Tht) calculator's 
time was employed partly in revising the printed Tables, whuh iippt'urcal in 
the volume ofileports for JHdH, and partly in maid iig an additional mmlyzecl 
Table, The last-men tioned Table in MB. was dtdlvcrod to the Bt'cndiiry 
of the British Association early in the pr(‘.st‘nt ytair, and is annexed hereto. 
The Committee hog leave to repivserit that it is dtwirahlt^ that they should be 
reappointed, for the pur])ose of superintending the ])rintijjg of thnt'Tublo ; hut 
that no further grant of money will he required. liav(j again to exprciss 

their satisfifctionvdth the manner in which Mr. (iuaut p<‘rfurmed liis duties. 

Revised Amhjsis, acconUHtj to the method of Mr, Scott Rtmell 

In the Table of analyzation neoording to Mr. Bi-uti Bussell’s method, as 
originally computed, the length of forehody was assumed at »r>r) of the length 
of the ship, which in practice is generally the place of the midship section. 
This length of bow belongs to the displucement of the sluj), but not to the 
speed, Therefore in. calculutiug the rcsiNtaueo there are introduced a coeffi- 
cient of diminished resistance belonging to (uio bow and a speed belonging to 
,«pthet bh'W, or, in other words, two ships have been used. 
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In the follomng Table this has been rectified by taking a length of bow 
belonging to the speed and also to the displacement. For example, the speed 
of a ship is 11*22 knots, or 18*90 feet per second; to this belongs a bow of 
70 feet, and an afterbody of 47 feet ; the ship is 330 feet long, hence there 
remains for middlebody 219 feet. Kow the question arises, what is the 
corresponding area of midship section ? because if the area of midship section 
as given in the Tables were used, it would result in too large a displacement 
wdth the above dimensions of fore, after, and middlebody. For this purpose 
have as follows ; — 

Area of midship section x (-51 + *52' + T + *19635 ]3)=:D x 35. 

Substituting Z=70, Z's=47, Z''=219, I>=40*92, and D=3979, the result is 
an area of midship section= 487*7 square feet. By the Tables it is given as 
653; and the calculated section is therefore 165*6 []]]' too small, or the 
vessel under the above dimensions sits lighter on the water. It is the lighter 
midship section which has been used in the following Table. To filnd the 
corresponding draught, taking the sides of the ship at the midship section as 
nearly vertical, the difieronco is divided by the beam of the ship and the 
quotient subtracted from the given draught. This results in a lighter 
draught of 14*3 feet instead of 1 8*35 as given by the Tabic — a dififerciice 
of 4*04 feet. The difference is not always so large ; in some vessels it docs 
not amount to a foot. 

Twice this difference in draught has been deducted from the actual girth 
of the midship section in order to find a girth suited for calculating the 
wetted surface ; iu the example this gives 0=54*72 instead of 62*8. 

The coefficient of diminished resistance has been taken to belong to the 
bow as aBsumed above, and has been calculated by taking the square of the 
sine of the angle formed by half the beam and the length. 

The skin has been calculated by the following formula, 

(•58G--f*84cZ)(Z4-Z')-j-Z"G=skm or wetted surface, 

in which formula the lighter girth at the midship section and the lighter 
draught must be substituted. 

The calculations of resistance duo to ship’s w^ay, skin, &c. have been made 
in the manner explained in the second lieport. It may happeii that the length 
of how belonging to speed is greater than the ship itself iis given in the Tables, 
as in the case of the ^ Midge ’ and ‘ Penelope.’ In such cases an afterbody 
is added to the forebody belonging to that speed, and wdth the two lengths 
and the given displacement the area of midship section, draught, and girth 
have been calculated. 

It will ho seen that in the following revised Table most of the negative 
quantities W'hich appeared in the former Table have disappeared. The quan- 
tities in the following Table belong to ships of the same displacement, same 
•speed, same length, same beam, and same indicated horse-power with the 
actual ships ; wmilst those in the former Table belong to ships of the same 
displacement, same length, same breadth, same draught, and same indicated 
power, hut not the same speed, although that speed was introduced in the 
calculations resulting for the most ^lart in the negative quantities as found 
for slip or engines. 
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to Mr. Scott Russell’s Method. 
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Rqiorl on Recrnt Pror/rm in li/Uptic and Hypondlipfie Fmwlhm, 

By \V. 11. L. lUissEi.L, F.kK 

I HiiATJi novtn’ fovfjfoi tin* ovt'nin,i*‘ avIk'U I lirHi In'cntup fiP<|UJihi(rd with 
EUim’h r(^])ari on tlu' ]m*sout ot Analysin pnl>Hsltt»(l l^y Huh Assooiaiitm* 
1 iblt like a travollor who, mi (‘iiierinp;' nn unknown ('ouniry through ihirk 
and naiToAV wiuldtMily arrives at nu eininent'o from whuih ho soes the 

whole region spread out like a map before him, and poroeivos aia, glances the 
roads loading to the principal cities, and the most desirahlc mausimis. f fol- 
lowed this guidance in my reading, and, as I proccedial, becujms mixiotis i.o 
attempt for othoi’S what Mr, Ellis had eHccted for ino, and in conse<inen<*e to 
nndtmtako the present iteport. 

I shall keep steadily m vii‘.w three main objects. In the first place, I shall 
endeavour to prove theorems cnuiieiah'dhy their auUmrs without demonstra- 
tion, Keooiidly, to explain passages ’which may jiresimt dillicultii's, and to give 
such dircctioiiB as may enable the reader to arrivi^ with the. least clilliculty at 
the most important parts of the diflorcnt memoirs which will come under n*.- 
view. And, thirdly, to give such a connected view oi‘ the wholes, as will 
enable anyone ontoriiig on ilie study of oiu‘ present subject to know before- 
hand the nature of tln^ results which lia.vc lieen obtaiuecL 

Elliptic fnnctiojis W'ill iirst hi‘ cfmsidorod ; and 1 Hhall divide tlie subject 
into four parts. 

(1) 1 shall consider recent researches in tin's liraucli 'whicli do not invo]\'o 
the idea of periodicity. 

(2) liocont investigations relative to function (-), and its alliial s<‘ri<‘s. 

(3) Modular equations, and some other ri ‘searches of a, similar doscrij)iion, 

(4) Borne of the most important geometrical and physical applications of 
elliptic functions* 


]»AUT 1. 

BMion 1 . — Tt will bo propim to commoneo by giving a. list of Ihe ])rineipal 
algebraical integrals whicli can be reduced to idlipiic; fuiietiniis. They are 
taken from Schellliaclfs ‘ Lidins von din ElUptischen Ini<‘gralcn,^ and from a 
paper by Jb'Jthig in the fifty-sixili volume of (Jrelhfs bmrnah Along with 
the integrals I shall indicato tli<5 transformations neiK-Hsa-ry fur lladr r<^- 
duction. 



I V 4* a\c(i 4- 4 4 4 4 

'\ ~ 

Lot I know not if it has ever lieen rcmark(‘d that tin* sama 

no 




substitution will enable us 


to integrate 


_ <^a'K(vr) 

J V <^4 

tithms or circular arcs. 

Hence w© cmi reduce to elliptic functions 


by puttnigy : 


\ r . (2) 

. , \ J V 4 4 4 < 


oh can be reduced 
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dai!R(x) ' 

I V 4 - + a^cG'‘‘ -f- a^cc' ’ 


since Eii?=ll^a?Ha7Eya,’^ 
We can also reduce 


hj putting cx'^=zaz\ 
So also 


p ch 

J 

p dx E(a;“) 

J V 


jv 

bj putting tV^=r, to •whicli can be reduced 


C dxll(x) 

J V « + + ex '* + 


since ll(a;) + x\x\ 

Wo arc also able to express 


C (Iv^x) 

J iyax+Wi 


j Vax+hx'^+cjir' ^ 

by elliptic functions, if wo put xz:=s ^ax+hxT^f to whicb can be reduced 

( 8 ) 

j^ya + bx+cx^+ex^ ^ ^ 

by putting x^ssy+^h where a’-^-hjy+cp^+qy^^O. 

Again, we can reduce 


r dx 

Ja/ a+ 5 .r+<?a*‘ 
if we make 

r 

J-s/ 


to elliptic functions, if we make ; and also 


, ( 10 ) 


if wo make bx ■+• c.'r 

Moreover 


r M iix) 
Ja/ cr+^r+ea'‘‘ 


can bo reduced to tlie two last cases, since 

Lastly, the more general integral 

C dx . R(^) ^ ^ ^22) 

J{/cc + bx + cx"^ + + hx^ 

can be reduced to (11) by putting x =^~^9 and proceeding as in elliptic 
functions. 



KKroiiT— ]8GU. 




tS<rflou2 . — hi vo]iim(‘oftlu‘ * C/iniln'iflg’o iiml Duhliii 

iiciilJaurJUir tlioro ism pnpf-r hy Mi\ F. “ Dii thf‘ Thira Elliptic 

Jntog'ral/’ The ]H'inripal ohject f>r this jtaper is to apply ].M:J;T;(nj;’«‘s fnni.s* 
fornintion le this iiiie^Tal sons to oianiti nvniliiblo results. The interest niul 
(Miculty ntlaehiiiA' t<> are great, and 1 think it welh Iheretons hi prt'- 
sent Mr. Newman's lending theorem to the rentier in a imn ^vhieh he ^vill 
Jtuul it easy to tollow. 

Let '* ' 

^^sss Aa= V I— rsiu-f/, 

r(p, ,1, o)=n(f, n, &)- M n(^ „)• 


Then, following ilio xisnal scale of IjugrangOj if 


•WO have 


‘ /-I , sill 0 cos 0 , 1 — r' 

sm0^=(l + r) ----- c^Vl^c% 




AdB 

4- // ^( 1 4- <*'}“ sin‘‘^ 0 co«“ 0 * 


0) 


Lot us assume 


A^4-^^J(1 +0 siu“ 0 cos^ 0=:(1 4- sin” 0)( 1 —w siii“ 0), 
where m and — n. aro two now parumoters. Thou 

7iwsan^(I 4-€')% (1 4-?/)(l — 


whence, since rnmemhoring the second of cquiilioiis (2), 

A _ _ _ 

(l+'jrsin^O)( 1— w sill-' S)“ 


(-0 

(») 


J i +M 


1 


, . _ ■ _ 4-1.““"^' ^ I 

a/- 4“ I H ( I “p sin- 5)li m. " ( ! — Hiii“ fjA ) 
Thtwcibi’c from (1), 

n(c., n„ 0J=(1 + c')^^ I i±J! n(>, », 0) + 1 ^' Ii(e, e) j , 
putting ^ 0a: and thoroforo 0jS=s7r, 

( !±:n(. »H li2 nc.-.,)} . 
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by i aiid subtract from the last equation, 

and wo liavc by definition 

u m J 

But (Hymors’s ^ Integral Calculus/ p. 284) 


n(«, n, 0)- L-??^ 6)=- F(c, 6) 

n w m 


From this we obtain 


+ ~T==:^tan"’ 

V mn 


■1 J V mn sin 

. ^ A 


0cos6 




'^^mn 


therefore we have from (4) and (5), remembering (2), 


+ J- tan““^ ( sin 0 J ; 

whence it is easy to sec that if 6.^ and n.^ &c. are formed from and as and 

wore formed from d and wo have*' 


I (1 4*^0 j P(md)=» j tan“^ ( V «•! sin 0^) 

tair*”^ ( V % sin 0 ^) + ^ taii"^ ( sin 0,) + ... . 

This very beautiful theorem applies to the third elliptic integral with cir- 
cular parameters ; but it is obvious that it may be easily extended to loga- 
rithmic parameters, as has been clone by Mr. Newman. In a subsequent 
part of his paper, Mr. Newman points out the connexion betAveeii his own 
researches and some of Jacobi’s discoveries. 

Section 3, — In the 36th volume of Crclle’s J ouriial there is a Memoir by 

rT</af 

the late Professor Plana, of Turin, on the reduction of elliptic 

functions, where 

and X^cv^ 4- X,t^+A.v^ + B.a4- C. 


It would be impossible to give an analysis of this memoir without repro- 
ducing it, which is the less necessary as so much has been written on this 
subject. I shall therefore coniine myself to directing the reader’s attention 
to a particular portion of it. 

At the beginning of the ninth section there is a method for reducing the 
sums of two elliptic functions of the form 

(hr ,f ^rr 
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where /=: ^ -f // V — f =r/ — // — I , 

Y==:(M + N// )(04U/; ) 

to the sum of two of the form 

J ( 1 + ih\f ) V V J ( i + n’ \ir ) V V 

where anti a'* ore real. Thotnelhorl is fouiiilerl on Mihsiiiiiftug 

I +4// ) C 'fj> 


in ( 

Vy Ji 


4 * tfr 


and then finding two suitable values for f. The section to hick 1 refer 
is almost detached from tlie rest ol* tin* luetnolr, aurl may la* rea<i without 
difficulty. There is {mother paper hy Uieheloi mt this subjin-t iu the Ji-lth 
volume of Orello'B JournnL 

^SV<!(iou 4. — (U* lato tlu* theory of eoutiuiied frafdlons hjw ree«‘ived it very 
wide extension. A very heautifnl example of this will be found in tlm fililh 
volume of Orelhfs .hmnial, in which Ltijilnee's i-octlii irnts Jir** ajiplied to the 
expansion of functions in (;ontiinu*d fnietiiais. It is not, llitTcfore,Hur|iriMing 
that the expansion of elliptic fnuclious in this manner should have been the 
Hubject of several successful <dlbrts. In the iitMli volume t»f (’relle h ihmrnal 
there is a paper on this Huljject by Professor Malinsteu. Hie huowu eijua- 
tions 

....... ( 1 ) 


(ik 


ilk 


easily lead to tho different iuletpud ion 

. ( 2 ) 

1 *?/* 

where 

If wo put 

X-aw I I ^ 9/sw8|(l — 0--.2ma*)4- ^ ^ ... (3) 

this last equation may be writien 

(mV+m*.r+ .} + w . » (4) 

But from (3), 

V k m 

Therefore by tho second of equations (1), 

QlWi ^ dk 

m F 

e» (IP (W tir 

Ai\ 'fW hy 

; , ■' * I hsTS b6«ii the fuUef horo bwiuws .ovoral Mojib .ro oniitU'il hy M.lmBlcn. 



ON ELLIPTIC AND HYPEUELLIPTIC PUNCTTONS. 


339 


Honco if tlie equation (4) becomes 

^mV+wc,r+i'^^3''+m(2nM?+c>'+^’s=0. 

Therefore, differentiating (n— 1) times, wo have 

/ 2 , , c®— 1\ C«+i) , ^ Oi) (2n'--l)V ^ 

+ mex + J z + 7nn(27i'uv + c)z + z =0; 

from this we have 




n+ 


1)V 

4(2m^i7+c) 

nt^aP' emos + 
4 


'^Z'nf 


an expression which of course loads to the development of (it) in a continued 
fraction. 

Prom this Malmston obtains several results. A very elegant consequence 
of this investigation is the following theorem : — 

Let 


then 




3.3. 5.5. 7.7. 9.9.^-^ 

24“ dr-j- 54- 84" 104“ 


which, with several others, will bo found fully demonstrated in the paper. 


Paet II. 


Section 1. — In entering on investigations relative to function d,itis proper 
to observe that two distinct notations arc used to express the same four 
scries. It is now usual to write 


0 ,r=l— 2(/ cos 2.v+2q^ cos 4a?— 2<^9 cos 6iJ74- , , , 
1 ^ . 

2rf sin a- — 2^i sin 3.^’ +2(j4 sm 5a?’, . , 

I 0 go 

2^'* cos a’4-2q4 cos 3a? 4* %T cos 5a? 

0^07 = 14 - 2 ^ cos 2a’ 4“ ‘ cos 4.v 4- cos 6a? 4- .. . 

These four scries arc written in ^ Fundamenta jJova ^ 


TT TT r \ 2/ T \ 2/ 


The former notation is obviously more convenient ; and as uniformity is 
most desirable, I shall usually adhere to it. It will, however, bo occasionally 
necessary to make use of the second, as it is employed in Crelle’s Journal in 
many papoi's which I shall have to bring before the reader. 
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Section 2. — It will bo propor, on pvery {H'Ciniiii, U) rnmnioiio(^ this flivihion 
with an account of Jacobi’s later ros< ‘arches rc'la, five io function (). Throe of 
those are contained in tlio 3tHh volunn‘ of Crelle’s tlonmal, anti I shall eon- 
sidei‘ them in succession. The lirsi t)! these in entith'd “ Tber dit‘ uninit- 
telbaro Yerifieation einor Fundtiniental-Pornid dor Tbotirit.' dor tdlipilseijcn 
Pitnciioncnf’ 

It is in the * Funtlaiuenta Xt»vn ' that If 

n=( 1 -r/“) (.1 -(f) ... (,1 -qs) (l-q-':) ... (1 -qz' ’) (J -(j,; 

S and n are equal, and we nnisi tliercfore have 

log n /AS _ Qd log TI 

d<r' d<r' 

It appears, without much difficulty, that if (ni) represetit evtuy whole 
number from 1 to oo , il^(w) tho sum of tho factors of (m), p all odd numbers 
from 1 to infinity, i all whole muuhcrs from — a? to + co , tlieso cqtmtions It'ad 
to tho following : 

-C=2Si|((m)/"''+ SS( - J )’»p^«('«+P-20 ^ 2SC _ -] p+Si) 

whoro SS refer to m and p as nhove explained. The object of tlio paper is 
to prove those formulaj, and I make the two Ibllomnp- (disorvations to I'aei- 
litato its study. 

Tlw firat oteorvation, in which S refers to p, is intended to illustrate 
page 77. 


+sl (~i)”p5"‘':'"+)’+“') 

Tho second refers to page 7S ; there wo have tho following ctiimtion* 

SS(-J) pq =SiK«0v • 

It would ho hotter to witn this in the following way^ — 


vv/ 1 mim+p) ^ , p s li)* 

aince m(m+jp) and 2r are intended to ho (‘quivaleni 
Sfciion 3,--Jacohi^s second paper is entitled Uobor die partkdlo Bifforontial 
glaichung welcher die Ziihler nnd Nonnor der elliptischon Funcii/m Oonuge- 
leisien Jacobi at the commencement of his paper gives tho foEowing for- 
mula without demonstration ; — 


f,(a;)=V^^ 
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To prove tliis, we remember the well-known expression 




/ 






dip 


is (lerivod from e(.r) by changing q into — 
Now if we change q into — 


becomes F'=K becomes KJe', 


E' 1 

E' becomes — A becomes 

k A 




A* 


E0 = f fZ(^ V 1 ““ sin^ (j> becomes 7c' f 
Jo Jo 

and r^ = lE<6-:^Ell^t, 

and therefore E(ji becomes 

1 ^ Ji^ sin 6 cos <h 

3?^ becomes h'F<p, and ^ becomes k' i 
Substituting all these in the expression for 0(a?), we have 

V TT 

Ac/o A a i , 

which is, in fact, Jacobi’s expression for 63(0?). In the memoir now under 
consideration; Jacobi arrives by partial differentiation at the following theorem: 
Let 

nt . . 

r//, 


2 /==j^ 


Eandamenta. Nova, p. 111. 
f Hyniers’s Integral Calculuf*, p. 220# 
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==■«/(] -0’'"^p~'(l-»l“''^"’'(l : 


then Vi coiLsidcrod jis ii function of v nnd X, Haii«fieH the partial difihrenlial 
equation 


(!v ^ 


(] _).)'*■* I _/y 




(iv^ 


Let y=al, a=»/3=:.|, and the ditrorciitial oqnatitm !)ef‘oineM 


dV_iJ.V^ 
ilK dv dir 


and Y hccomcH 


I 


dt 


V i\ f — /j( i— H) 



VI 


dip 
— f 


whore ^rssin- </>. 

From thin Ja(‘.obi shows that 







satisfies the partial diirorciitial tMpiation, origltuilly s(‘en to he true from the 
nature of the series 


dq 


d:\{,v) 


Section 4 . — Jacohrs third ] taper is a very remarkable oms and there is a 
French translation in LiouviU(‘’H Journal U is iuitith'd tleher die Differ- 
entialgleichim?? wclcher die lleihen I ±%+%*± . . Vi/'-h * . * 

Genuge loiston.’’ 

Tho main object of tbo paper is to show that 


each satisfy tho following (liiic'rc'utiivl wiimtion, 



By (lilforoiitiiiling tho onuiiiiaii 


K = 


f 


Vi- 


(ID 


with respect to Pit is 


proved witliout much diiSoulty that 

2 
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and from this that 


7 1 ^ 

cZ.log,-. 

* =2,4 


Combining tliese equations together, we have 


^ Vi— 

y\d\og,q)f 




?/'* * {d lo^ 


(2) 


from whence we obtain 

1 fl? 11 / fl6 1 , . 1 471 


which immediately leads to the required differential equation. A similar 
investigation applies to y= • 

"We may find a more general solution of Jacobi’s differential equation thus 
It is easily proved that if k and Iz are interchanged, equation (1) is un- 
altered, and therefore Ji' is a particular solution of it. Therefore 

a'=«TC+6V=TK' 


are also solutions of equation (1), and consequently 



Moreover, it is proved in the ^Fimdamenta Ifova,’ p. 74, that 

_,a._K+i6'xnog.^ 



These equations exactly correspond with (1) and (2), and therefore 



2ft " ^ 




'rrO! 


satisfy Jacobi’s differential equation. 

^Section 5 . — In close connexion vuththis paper is another left by Jacobi 
among his manuscripts, Darstollung der elliptisehen Functionen durch Po- 
tenzreihen,” published in the fifty-fourth volume of Crelle’s Journal. Its 
object is to expand the four functions 0(^0, 0 ^( 0 ?), terms of (a?). 

I shall give the outlines of the investigation for 


Because / i - J_ 1 „ == a/t ^ . I have followed 

cl logs (j I 7j'2 J d logg^q d loge q 

a route somewhat differing from Jacobi’s, and easier if we only wish for the differential 

oquaiion for^?E. I should advise the reader to follow the method for n/? 3E indi- 

Tt ^ 

cated here, and then to read Jacobi entire. 
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It is easily seen that if 


= A=: 


1 (/»' V V 


I ir I V A . 

"i/J'" ^ ^ ' (//»"* 




f/V-V .r‘ 
c//i‘ ‘ 'j .ii.a. i 


and tliereforo, putting B= ~ | “- — 

TT Jo dn^ ^ 

«=: 4 (l-. 2 /r), h=:2JrIc% 

we obtain, by a process similar to that used in obtaining equations (1) and (2) 
of last article, 

§=2A.li, f =iA-, 1»A-, «=.,iA- . . (2, 

If II is a function of A, 11, (/, h, avo obtain from these ccpiations the fol- 


lowing : 


'®==2A“B^ + . . . . pT) 

dh dA. dxi dh da ' 


Differentiating Va a certain niimhcr of times in aeeordaiico with (3), wo 
are led to suspect that 

W B'" + -T +* 




where <S:c. are certain integers, n^, &c. eortni!t functions of a 

am f 1 , . , , , 

^ !-*>«';) f 

and h independent of (m) ; so that the coolKeicnt of A B in the 

expansion of is It will bii ol)«crvcd that r, *0. 

cih’^+p 

Purthermore, we ore led ty induction to suspect that the numbers ore 
such, that 


«,(*)<= 


1 t A'*** AV , ] -s^ 


These assumptions may bo thus' Tonfiod 
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Equating coefficients in tlio tTO expressions for 6.^ &c. in ( 1 ) and ( 5 ), we 
have 

^ I . . . . (G) 

where the coefficient 

ffle=(2t+l)(2!:+3). ■ .(2m-i) ■ • ■(”’-»+l) . . . ( 7 ) 

1 . ^ , 0 . . . ^ 

WO find from ( 6 ), in consequence of (3)^ that 

{ (2 m + 21 + l)mi — (m -f + {m — ^ + 2)mi^2 

ao ctn 

which being transformed by means of ( 7 ), gives 

which is independent of (ni), as it should bo, according to the assumption. 

^J»+l ;y/ J 

Moreovei^ the value of found by equating coefficients in (I) and 

Cv/i 

(5) is 




and this can also be found by differentiating ( 6 ) with regard to”^. The induc- 
tion is completely proved. I think the reader will find no difficulty after 
those remarks in reading this paper, — one of the most beautiful productions 
of its illustrious author, the paper reviewed in last section having been 
previously studied. 

Bectlon 6 . — In the thirty-seventh volume of Crellc’s Journal there is a me- 
moir of Jacobi of a very different nature to those we have been reviewing. 
Its title is TJcber uncndlichc Ecihen, deron exponenten zuglcich in 5 swei 
verschicdcncn quadratischen Eormen cnthalten sind.^’ Many parts of this 
memoir relate to the theory of numbers, and contain no allusion whatever to 
the sfibjcct of this Eeport ; nevertheless, as tlieso investigations were sug- 
gested by a formula in the ^ Eundamenta jNTova/ it will be right to give some 
account of it here. 

Prom tho well-known formula in the ‘ Pimdamenta JS^ova,’ 

. ■ 1-2(3+»-i)+2‘(s’+5-=*)-2‘’(2"+2-3) + . 

we deduce, by putting g" for g and ±g*” for s, tlic following expressions: — 
n{(l-g^®‘'+’"“”)(l— g*”'‘+®'^")(l— g-’“'+®®)} =S(— lyg”"''’'*'”* .... (I.) 
j n{(l+g®’^‘*'®~’*)(l+g®’”'^”‘'‘'")(l— g“”“''’^)} =Sg”’''“+’‘‘. . (II.) 

I-t is easy to see tbat those equations will lead to a multitude of others of 
-1869. ^ 2 a 
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the form 

where I in the prodiiets Iuih tlio vuluw 0, Ih uutl iii th<^ HUtmnutionH / 
and h have the valu(5H 0, + 1 , +2, ±3, . . , . 

Jacobi hart f?iven a Taldo oi’ Ihorte eqiuiiioiis* I M(‘leci^ llircc ol tru^in lor 
demonstration, which Avill give an idea of tin' whoh^ sidKitmmt lt>r onr piVHcnt 
purpose. 

( 1 ) n{(i -yf +"( 1 1 ' '‘)} =i:( - 1 )'■ ' ‘ ^ 

(2) n{ ( 1 -fr‘+‘)Ci - v'’‘+“)(i - </“ '■")”( 1 -7'“ ' “)'■ 1 

1 

( 3 ) n{(i -7'“+“)“(l-7‘'*+')-}=s(- 

By tlie Ibrmulii (F.), 

nj (l_y)«+'>( |_,/H »)( I -r/^+“)llO ")(i -7*"' *■■')(. I 

consequently Ibrniuia (1.) reduces itself to 

11(1 - >/'■' ■'f=.\n 1 -tf‘ • “y-'(i ~<f ' 'r. 

or 

1 (( I —< f ‘ ' •') =1 K I —7'"' ' '■'){ I -if ' ")■ 

which is at once seen io be inie. 

To prove the second fonnuln, wc observe that 

by formula (I.) is oqtii valent to 

n(i -2**+')( 1 - f <■*)( I -(f-^ “)n( i - 2”'' ♦ “)( 1 -2"'^ •'){ I “ ‘ “) : 

and the ecpiation reduces itself to 

11(1- f ^ ")( 1 - if "’)= IH 1 ->f ' *'). 

the saino ns hclbro. 

Wo also have. 

i:(_ I y I «=n(i -2** 'x 1 - 2 "' ' ")( 1 ~if 

a formula not notit-od hy Jiieohi. 

To prove Ibnuula (3), we have 

1 yM I i 

= Il(l- 2 ®‘'+‘'“Xl -,y'‘+"X 1 ~7®‘''®)H(1 - 7 '“ '“x 1 •> 

and the e(iuatiou rcduct^s itself io 

each member of which is immediately seen to bo equivideut to 0(1 

In this manner the following expressions for the modulus art* deduced 
which will he found demonstrated on ]mgeH 76 and 77* 
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Z/^'— -(?• 7°)(^~g'')-‘ 4/Y_8/- 


-(l+<?=)(l+ff*)(H-0.- 




2^2<s+i 


: s(-i)V - . 
2(-l)‘V/-‘‘ 


S(-1)V 


iyi-= ^ 

= \/2Vvs(-iy'r‘'+^ ^ 

s(— 

7. — Two papers by Heine next come under our notice. The first of 
these, Untersuchuiigcii ilber die lieihe 

T I (] -g“)(i-f/) , , (l-g“)(l-g«+»)(t-gg)(l-'/^^-») ^2^ » 

1+ (i-yxi-gv) ^ (i-g)(i-2“Xi-2^)(i-?"+0 

is in the thirty-fourth volume of CreUe’s Journal. 

This aeries is denoted by Heine by the symbols ^(a, /5, y) or ^(cc, /S, y, jt’), 
as may be most convenient. I shall consider those parts of the paper which 
relate to elliptic functions. Heine commences by showing that the elliptic 
functions 9 Tr-» oir^, 


iiK/r ^ . 2K.r 

cos eoam sin coam 

TT TT 

2/rIv . 2Kx . 2Kr 

sin am sm coam — » , 

TT TT 7T 

2X 2Z;K . 2K,v 

sin coam 

. 2K<1‘ TT TT 

TT sm coam 


can all be oxprcssc'd by means of this series. 

Thus wo find sin coam'^^^ equivalent to 

TT TT ^ 

1-^q 

as is immediately seen by expanding the functions* 

Following the methods employed by Gauss for the hypergeometrical series, 
Heine deduces a large number of equations, easy of proof, of which I write 
down the following : — 

<p(cc, /3, y, q, jS, y, q, q^v) \ 

(1 - 2 Y )(1 + 1, y) + /3, y 4 . 1 ) 1 

— Ar)— 0 ^ ^ ^ 
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. . . . 

^(a,/3+l, y)—f(a,ji,y) = y+ 1 ) 


3 

^fi(a + 1 j |3, y) - ^(a, /3, y) — ?*-t yz:^ ^i(a + 1 > ^ + 1 , y + 1 ) 
^(a+l,/3,y+l) 


sj®®- 


(!■ 


-g^){1- 

~qv\l- 


-< 7 V-®> 

-yv+l) 


<ii(a 4 - 1 )/ 3 + 1 ) y+“) 


^(a—1, /3+l> y)~K“> ft’ y) 

i-gy 


=-r 


^)(a, /3+l>y+l) 


. . ( 3 ) 


. . (. 1 ) 

. . (r.) 

. . (G) 

. ■ (7) 

■ ■ («) 


^(«+ 1, ^—1, y)— ^(a, /3, y) 

(9) 

These formtito arc appIi(Kl hy Heine in the expression of ihe fnndnmental 
series in continued fractions* Thus irmi (4) wc imnu‘diately obtain 

y+1) ^ ^ , . .. _ 

ft y) 

Since 

r +.?} « 0 +^- ^+} ' 

^(a, ft+l,y+lj f(/3+ ^ ) * 
hy the Tory nature of tho H(‘rioH represetited by llte funelionH, we ejui repeat 
this process and expand in a cmdiinuMl fruotkai* The re- 

suit 18 

Uy4*1) _ I tf^^vet^r rt^.r 
T(a;ii,y) i.. U 1-- T-. 

where 




( 1 — (jy)( 1 (/fir “ 




-/H) ’ 


/ 1 jrVy’ 4 «$!l\/ I * 


'When ^assO, y) hocomos unity, and wo obtain a ooniimicci fraction 
y+1), which is immediately applicable to elliptic functions* 
wm me nature of the series we haTO at once 

^(«x+l, /3+l,/3+l)?=^(flt+l, /3,/3)* 
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Consequently putting /3=7=1 in (1) and (6), we immediately obtain the 
following equation : — 

1, 1, q, w) « 1, 1, q, qw); 

and since q is supposed less than unity, the series (l>(a, 1, 1, q, always 
approaches unity as (n) indefinitely increases, and consequently 

Again, putting in series (2), we have 

<l>(<*’7 y> q> 2V-a-P)= i_i^^(a+l, [i,y+l, q, gV-a-?); 
and repeating this process, 

<P\>P>y!i>i ) (1— gy) (1— g0'+»->) 

<t>i»+n, /?, 7+w, q, gy-o-P;. 

ITow we have generally 
^(a+n,/3,y+n,g,a;) 

^ (l-g)(l-g^)(l-2v+»)(l-gv+»-') 

As (n) increases without limit, this series approaches 

Hence when (n) is infinite, we have by (10) 

(1— gy-“)(l— oy-“+i) 

/3, 7+»>'j 3> S’"® 0— (l_2y-5^)(lZr^y-«-(3+i). . . 

and therefore 

Cl_(j,y-a)Ci_5,y-«+i).... (l-gy-^)(l-gV-P+»)..-- ,■, 1 ^ 

= ~Xi:i^y)(l~gy+‘)- • • • (l-gy-“->)(l-gy-“-^+').. • * ^ 

Trom these formulae it will readily ho perceived that the leading properties 
of functions B can be deduced. For the details I refer to Heine’s second 
paper, Ahriss einer Theorie der elliptischen Functionen,^ which will be 
found in the thirty-ninth volume of Crelle’s Journal, and which, after the 
remarks here made, will offer no difficulty. ^ ^ 

There are some consequences of formula (11) just proved wme% I shall 
insert in this place. 

If we put 

"(g*®)- (l-g»+l)(l_2«+*)(l-2‘‘+»). . . , 
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we shall obtain from (11) 

' From tills ifoino dodacos (‘asily 


y— 1 /?— I ) 

f )w( 7 , y /]-> 1 )* 




> ii " 


o ,, 

— I •^<1 <l 






a>fv \ I )m (7 \ H > 


whence W(3 lin,v(‘ 


V. l"K,'/^ V 


} 


0(.i!)=0\(())» . 

1—7“ 

I] , (1 -2? cn.s 2.r+ 9°) (1 -2(; rns 2.v+7-)( 1 - !’■/ ' '/' )„.i , 1 

I (W'Xl-— ?‘) ( '-'/'K-l-'/'X I -'/')( 1“'/) /+”7> 

and a similar formula for 

Heine also j,nvcs some formiihn for the miiltiplieMlJoii of ellipiie fmielinns, 
of which I shall gWo one here. 

From the equation 

w(r, «)(-(7'', 1 ) » (7", (I - , w (v», ,1 - i :t- 1) = ,>w( 7. )w) , 

whore 

/.= {(] -7”)(1 - . . 1" 

(1-2)0 --fXl 

.0 hare, whoro (u) is odd, 

tt-'-'e f »*.?£•(>--%?) ) = 

msao ^ -jr i \ r / 

and when (n) is oven, 

«=«'■» J \ w / 

•trhoro 0(7",'??"^ ^ bonrn Dm Hamc n’lalioit lo r/» Umt, o(^^'’'^ (Ioch to 7, nncl 


— Tim comparativo HinqDicity of llm fiincliinw 0 tmtiirnlly wig- 

gosted to niathcmai.iciunB the utility t)f a{lo]>t.iug thesj^ Herit'H an grottiul-* forms 
in the theory of elliptic traiiHcoudentH* ThoHO functitnm Imvo timroforo hmn 
in tl)Bso last times the subject el' many invostigHtions. Among the memoirs 
relating to these scries, throe may he particularly mentioned as ImTing re- 
markably contributed to the ad^aucemont of our knowledge of their proper- 
ties. Inese three papers arc Jaeobrs memoir Snr la liotatiou dhm Corps/* 
tidrty-nto Tolumo of CrelWs Journal, a paper by Krusemarck, ** Znr 
der elliptisohen Funciionon/* in the forty-sixth volume, and a paper 
Sbhebt, tJebor oinc Morkwurdigo Formel in der Tlioorio dor dliptischen 

^ For the ?alu© olf ^/(O) see a little farther on. 
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Traiiseendenten/’ in the fiftieth rolume of the same Jonrnal. These me- 
thods have Tbeeii admirably harmonized and deYelo 23 Gd by Schollbach in his 
‘ Leliro von den eliiptischen Intcgralen nnd den Thetafnnetionen/ I^erliu, 
181)4.' I proceed to lay a summary of the results thus obtained before the 
reader, accompanied by such rcmaidcs as may obviate difficulties, I commence 
by writing in full the notation to bo employed. 

— 29 ' cos 2.v+2q'^ cos 4r-— 2 ^'’ cos G.r + . . . , 

^ 2^T sin ai — 2ql sin 3a? + 2q^ sin 5a: — , 

, = 2rj 1 cos cos 3.r + 2q'T cos 5x+ , ^ 

=1+2^ cos 2.V + 2q ^ cos 4,r + 2q^ cos 6 .r + . . . . 

It we shall sometimes use the following abbreviations for the 

four scries, v), v), 6 ^( 0 ?, v). r). Let also 


s'f 0 ill? 0^-JV -I &„3S 

7^’=^. 


Then 


6.V 

. 2 Ka’ 


dx 


dx 


Hin am , cos am 

TT v/r# “sr 

A am 

T 


The priods of these functions are given by Schollbach (section 22, p. 34). 
By direct multiplication wo find that 


2v)B^{se—y, 2y)+B.Xx+y, 2y)d^(x—y, 2v), 

0 *0 y==B^(x+y, 2i')0,(3!—y, 2)-)— 0,(ar+.v, 2v')dXx—y, 2)-), 

0 i* 0 iy= 03 (ar+^, 2 )-) 0 /a;— y, 2y)—d^(x+y, 2t')d^{se—y, 2y), 

&.iXd^=e^(x+y, 2y)e,(x—y,2y)+e^(x+y, 2y)e^(x-y,2y). 

I need hardly point out the close analogy between these and the ordinary 
trigonometrical formiilm. 

Prom these formulm are easily deduced the following : — 


^ {i{x~y\kv\=B,,xB.^-B^d.jU . . . ( 1 ) 

®aU(*+y), i>']0a{K®~y)’i''} = ®a®®ay+®2®6ay • • • (3) 

®3{|(*+»/),i|i'}0,,{|(»— y),4>'}==V0ay+02«0»y ... (4) 

0 {■six+y),^v}O.j{i{.v—y),^v}—dxdy-}-eiX90 ... (5) 

S')* 2>'} = 0i^0y+0^0iy ... (6) 

MK®+y),4v}0,{l(»— y),i>']=0iic0y— 0 a;0,y ... (7) 

• • • ( 8 ) 

2d(x+y,2y)d(x-y,2y) =6xdj/+6,xdy . . . • ( 9 ) 

2e^(x+y,2y')d^Qi;—y,2v) =Qxd^--e^xBy . . . .( 10 ) 

20j(a:4-y, 2)')03(a;— 2)') =0,,;i’0gy— 0 .r0?/ . . . .(H) 

20j(a!4-y, 2>')03(iB— y, 2i>) a=03i»03y+0 a'0y . . • . (i-2) 
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KKroat-— 1 Hfi'J. 


These are taken as funilumi'iital forinula* hy Hv lieilhiu li, ninl !1 k> fnlltiwiiijj 
four groups deduced from llicm: — ■ 

O,r0,.r = 0 ( 0 , 2i), 1 

0,,r0,.r=0(o, :.V)0,(:’.r, LV). [ 


0,r0,,t- =iO,(,.,’r )0, r). [ ‘ ‘ ' 

0^a’0j.r=]0i.(ti, t)')0_(.i-, S ). 2 

- * . . ia) 

0 (i)')08(o)=0i(|ff, ])')-=fl;,(}r. Il f. A 

0 («)0a(i))=0(ii,2i')"=0( Jtt, Ji’f', f---' 

0„f»)0„(«)=i0t J 

. . . . {,j) 

/i,v^ — f/*r =; 1 , 

h<rf,r+ v. . • . . , * 

- • . (y) 


From (5) and («), using Iho first of ciiimliuns (>), we have a( oiiro 


atul similarly 

(,) 

(Ir fJ//- 

Sevord of these methods and fiinnuhr uppenr It. 1... due lo Knisj-iiiiirek. 

(1) tan 


aoir s.^0i^0,2^=Oo0,o{e(^+^)0X*-jt)+o(..--.5,)o,(^+.y)} . 

i3O,a;fl3a;O,^0.ijr=flofl^o|O(x+;/)O^(A._y)_0 fya'+//)} . 

20, .V OjOf 0;/ 0a,y=0«0j|n{0, (,«+//) 0,,{u;— //) + 0|(,f~y jfj _ 

20 .r 0,.fOi///ly=:doa.^ole,(.v+^) 0 ,,(.r-./)- 0 ,(a-~j!/) 0 ,(,,- + y,} , 
20 , B 0 ,.v 05 »/fl,jt=s 0 / 0 ,,«{ 0 ,(a!+//) 0 (,r-^) 4 . 0 (.r+//) 0 ,(.r~v)} ■ 
20^.rOa,if 0^/ 0|iy=Oa«O,|O{O,(.r+y)fl (.e-yj~0 (.r+,y) 0 |(.r--_y)} , 
‘J0,v0,v 0,y 0,J/=OoO,o{O.(.B+y)0^(.,.-~.y)+0,(,,.„^)f,^(^^yj^ _ 
20a.- (),v 0,y0^=0o O,«{O,(.v+y)e»(a--i,)_ 0 ,(.,.-y)O,^(,.+‘ 3 ,)f • 
20a, 0,,n Oy e^y=0„ 0,o{0,(.B+y)0 («-.y)+0,{,B-^)O (a,.+^)} . 

20,j»0j,.r 0^0^3r=0o 6a"{08(.i.’— y)0 (•v+y)-0„(.B+j,)O (a-— ^t)} . 
' 2T=.l~fa‘/y:^eo=^(£±^p:l\ 


. ( 1 ) 
• (-') 
. (3) 
, M) 
. (. 1 ) 
. (It) 

. (7) 

• <H) 

• (») 
■ ( 10 ) 



(jx AX» in i‘BUEU.tn'ic i'im tioxs. 


3 ri.'J 


tin'll 

T +/t ] 


et/ i/)+0,(.iy~,v) I/) 


- £j±' 

”■ (Fjiro'.r o,e ‘ {)// ■ (}^ 

by (■»), nr 

• 

In tlio (SiHm'wiiy mny bi‘ ilcrivfti Ibc inllmvinj?: — 

</o /«) T {/br ) -Vt //.r ...... 

ffoTlff(x~v)+f/{.i! f_y)j =//.!•//>/ 

//o T{i/(x~i/}—ffCr +// ) i ~/i! h 

/wT.!//(,.r--»/)+/H>+.y)l «=/<.«'//// 

/njT|//(.i;— »/)— //(.r+7/lj ^j'jc ijn 

7/oT|/t,e+.vW(.r— ,V)4 tjjf . . 

go'i'yX^-A -/(■'> • • 

Im T |y(.r+.'/),yt'r“//H./br--;/)/'/(rf'4- //•)}=-/>//.«• /■// , . 

/i«'r|/(,r \ - Jli'-ij\!){jf-Vg)\~fguy fix . . 
</i> hd I //(r 4'.'/yi( •<■'—//) -f .V (.!•—.>/)/«( .r +// ) ! —gx hx //// //// 

. 7 « /(o'r {'/(ii? +.y )//(*- y) .v)//t .r +// ) | «y.V r;,) J)/ gif 


(H) 


(ill) 

(i:t) 

(M) 

(l‘») 

(If!) 

tlT) 

(IS) 

(i») 

<»)) 


From them' fnrmutii’ tlin tirdiiHirv ('xpressinnK t'lir Iho niliUtinu iiHil rtubtrmi- 
tinii nl’ ollijitic, fuiictioim nmyof fniirm In* na.'-ily rlriluwil. 

Wu uko liuil 


f),'ossg(}BjO0.,O, /'otszOjO 0„o, \ 

f.vsssBo^ ff.v Jix, ff'xss — OiiO'/x/u', h\r= —O./ri'x g.t. i 


U) 


]t, in nhviouH that from tko nbovo (ho liil!invui}i: nm.y tie imutciliitli'ly fonm il 
by ud(lHi<m, iSic. - 

, fr fp/ fiH+f'i/f/x/ix 


ffogU'^i If) 


„ fir (i>r A w * f ' /V fPf • / * A' ' * ‘ /)/ ' 

//./* //// b.r b// J,v f/i/ //// . fbr b.r 

^ /{if Jlrf/f/ /i>r I fy tj,t bif 
iji) ‘ lur hfi ^,U'fy ihr ijij 

it r ijn > * ,/> fij fi.r tiij _ h,i ' bf ^ I 

1 —p .iy fix nif •[ p fit krhtj 

Jxffx hif—fif fiifki' __ gx t/it kf fig-p/u 


pm itx'hg-^fxjytjxgg' 

h(>hU 4 7 / 1 *= hg 

^/^p'‘'f/>/ki'~fiffix/ti/^ }+ffx‘fti/ 

p gif fig —ft/ gx fix fix fig -i-j'xjg gx gg' 
From thf,so formula; wo may iloilucc »h foUowa 


(S!) 


(LM) 


(y*') 
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It follows from (23) lliat 
ho .V . s 

^rr ‘ i7'^’//// 4/’'‘.^// % 

f/o -h //oj'(.r +// ) {.(/// 4‘ %)<//*»* + ) * 

But froiri ilio ideiificnl (‘(juatitui 


WO obtain from Seetion 8 (y) 

f/.v ^ — /?/»•' /5'r S'*'" 


or 


/7// +/^‘ Ay z/'^’ ”i‘ 

and hotico subBiitulinp,* 

|'//r>— //o/’(.r+//) 1 _//,r //// P' h , 

'‘ "" ’+//)) //// Ay //•'* i ' 


and similarly 


%/{ 
\/{£ 


,^o-//(.r4.//) [ (ji- //-<* 
//o +,^('^-1- ?/} J //// f //.<’ J.V Av " 

1 ho’Ph{^’^y) J Ay*| //.r ^ ZA<’.^// 


/6'<?o^ioa 10. — ^Wo now oonio to aiienliroly distiml Hrrii‘s of thoori niH, wliioh 
constitute the most important and intorosting addition whirli hiis boon niado 
to this division of onr subject sinco the ptibiicntion of tin* * Fundumonlu 
Kova.’ 

It is known that tho decomposition of iilgobmical fnietimih lemln fr* the lul- 
lowing proposition ;— 


sin (f — «) »in {,v^h) _ ain (a--«) sin {a ^ft) ! 

Hin(.r-(ai)sin “** nin {<x,'^f{)mi {a-y) m ) 

^ mi (P-fO 4, (y-‘<f) HHI (y-f*) I 

sin (/3— <aj) sin (/^— y) * sin (.r-»'/T) sin (y-*§ij)Hin m\ (.r 

Himilar roaMoninjj;, wlicn a])p]icKl to ih^ m'ptomm 


leafts .to tho thcoroin 




Ya:)«K th(o—a) ^ ** (f ^ 1 

ftCzl— a.Wii(7— a) j 

" ” *'-**sin /j I * 

3(a"-y)0i(/Ky) “’*■ 



(A) 
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1’ho readier will find tliiM imporiani llu‘or(*ni, ivliirli appear.^ to lio duo la 
lUrhrtot, fnllydcmonHirutod in Solu^lllmolu II* wo pni itnd pssy in tliH 
oqxmikm atnrai th<' namo limo ]ml y for A — and a* idr o«-a\ wo luivo 

‘ * fV’%/ ^ ’ .sin (a +,vr/)' ' ' ^ 

pniting in this , 0 —^ 0 / ft>v a' anti // — ;Ji>/ far </, w‘t‘ Intvt^ 

fV« ‘'■" . . ... VJ) 


and ^iniilarlv 




'.in (.o+.N’rO 


v'^ - . . . 

’ * iUViU/ ‘ OOM (.o-p A*iV*) 

‘ ’ d ,a’ ih/ ft >H(a‘ 4 . ( 1 p*/ ) 

* * d,a’dj,?/ Hin (a’+«t'/) 

^ d(.i’ + ;/ ) _ i - I 

d '0 • +//) /v " < * I* 

^ )»'/) 

* * d, indy 7/ !sin (.n f.so*/) 


d,(.r+//) 


d/n * 


(U d,,// 


fttH ^.a-f ^i>0 


.From ilit'Mn imporiinii ilioortMim lln‘ HorM‘S p\t’n hy djundn in liin nionudr 
** Hnr la llntatioii trim (torjm"* ais,’ t'a.sily dodniMal, if wt> pnt yjKsU in 
Ht,‘rk*H (L^) and rtuluots wt^ oljtain 

<» I } I <»t)H 'Ja* I 7^* » 

anti by almitar nnautH painital out by Stdndlbiudi ; 

' a 1 » vm Lto -f »• » 

dr7 0 okiVssO (r^H mv ,v2*' ^ ^ ^ 

Pm d =ssnoiana*f dTdii ^ 

yo J * a 1 f 

i)a 0,n ass*J«.« -fd hill a‘X / ^ t'/' L , 

y.a NiUta f I aoH i2*rd'7** 
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0/ 6,0 1 


Do 0,0 


t: 

<f.V 

Oj) 0/A^' : 
- ' gx 


-. J_+.i siua'S”_;'-^Ltv''> 

siu iV * I 4* 7 ** 

si'in 


COH X 


* I “{“ <!t)s 4* 


Oo d.j> 1 » -L + 4 ms li” 4“ LM! +'/’!) .. 

ax am x ^ 1 4- com 2.r 4 - a 


gx 


COM 2.r4-f/*^' 

s4coma?x“ — 

s4 cos it’S* :j — f*.— 9 '! “ ”i ““a* 


Tho reader will perceive that thcH<^ «<nieM esMentinlly diiflor from thoHO in 
the ' Euudaittcnta Nova,’ The sericM given in the ‘' Fundament a ’ may be euhily 

dodneed from formnlai (1 ) (.10), As, however, my object iH to exhibit 

the progress which the theory of elliptic ftmetions hns reamtly made, I c'are- 
fnlly abstain from writing down any Meries which are given in flueabr*# great 
work. 

Section 11. — Wo now return to ihoorom A of hist Koction. TranHfonniiig 
the series in the second member of this e(|iiati(m by means of expresMion (I) 
in last section : since 


whonoo 


-*sm(.i'+6v<) ^ ' 6„i'e,v 


ai,i’0jy 


and similarly for 


-*siina-;r+si<i) 


2” aiula* 

-® sin (jS— .'iiH-.s>») -« sill 

wo obtain 

I, SWA— ^>1^— «) «) Oi(p— a) ■«,(«— .T+rt) 

‘ (i,-(/3~a)l)d7-a) ‘ 

0,(a-/i)0,(7— 


+ filler— y) 0i(k—7) _ 

y) ‘ fii(y-.i') ' 

For A'=0 wo liiivo 


0iX0,ii 0, p _ _ «,(X-a) (i,(/t-a) (l,(p~a) ' 

1)0,7 0,'<i ' " 0,« «,(/!-«) «,y_« -■■ 

+ O,(\-0)(},(^~/3)O,(p-£) 

b.O • 0,l)0,t«-/))0,(y-fi) r 

I fl|fy-l-o) y)f)i(/r— y)^li(p y) 

»iO * «jy «i(«— y)0i(/j--y> " ' ^ 
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wlii'i'p, rppkcinp; a. /•’, y liy «+ Jw, /5 + ^r/. y "‘p lifivp 

■'* fk ■ Oii II, (y-,i) 

, «|(y+S) _ fJ(\ — y)»(/i — y)f)U'“y)_ 

Od lly (l,(»—y)(til)}~y) 

Putting p=s!y in (1), we have 

+ fl.(X-a)«,Ot-a) (MfUn «,(X -/5)D,0<-/1). 

0,6'' 0,«0,y5-a)' D,a ’ " l>,/ill,(»--ii) ' 

and (2) replacing X liy «+ J-r/, /i 1>y X, und y by a, wp Imvp 

e,J^_0(«+fi) «('V -aHKn-a) . «(/5 + (:) 0(X liXHp—ii) 

JaOii ' ’0,3 «a(),/J--a ’ 0,3' ‘ ’ 

whore in oaoh I’ovmulii 3=X + /t— a—/!, 

i’utliiig 

X—x=if, i^=h, «— a=f, X+H— /3=</, 

and then 

&=/f + ^*+C + (/, -ff=:rf + /<4-C-“rf, 
those formultc Iwooun' 

Sift&ih fl,c0irfls=<fl,flf 0,{«— rt) £),(«—?)) 0,(.v— o)— 0|.« (l,(ir—rt)0,{(r—l>) c), 

Ort03O(?O(« (»-«,) 0,(jf-/()0,(s-o)+fl.'«fl((r-«)0(«r-/.) 0(ff-c). 

From tlioao it has boon fully shown hj’ Kohellhaph thol flip following for- 
mula inny bo dorivetl, which werp given by .laciilii under annlhtw shape in 
the thirty-ninth volume of tlrplle : — 

fto ki'=h/ + '/). 

/in /ti/=s/i,i' /i(.i- l-yl+iyo/Vf/y/f.i'-f -?/). 

fio !/■>'/>/—!/>> //) /({.'•'l-.vb 

l>'> (H/P ~ !/<> fi!lj^‘''d !/) -f/r/ff /'(•o-l //). 

/ii)f/,n/{,r f- //') ■--/>////</( a- 1 //1 1 U'> 

l><>(/!/J\-«d 1 ;/iip'/ii/, 

/mhU' 1 

/m/r //(.!■ i- !/)=//.!• //) -i/o/y 

fiof// !/(.•>'+//) “ A(''’+y)* 

faifx /iffA'i+ff) “//" Ui/~!/x f/U+ffh 

ho gx hy +//) ^WH/ii A drP) —fxf(x +^) , 
ho hx gy //(.»; -hi?) “//« .9.« % h{.t -{-.»/) -f >/ ), 

ho/x/y h(x -f .v) *ei//A- //i?— -f y), 
ho tjwyy //(af-fy )sa/r/y +yo /<// ?(«+'/)» 

ho hx hy /((,r -}-»/)«■ 1 -^yogxgygix H-y). 
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Hection 12. — Wo iiow procopil to giro oorliiin lormulii* ri'intivolotUn diffor- 
oEtial coefficients of t})ol(}j;'“>'it!iins of fiincfioiis (wontiiilly (ho .ssituo func- 
tions, he it romombered, as (hose which Jaeohl wrifes with the IcKcr 
Schollbach’H four fiindaraental equiitioiis ure ns lullows : 



ih 


..... {li) 


(:<) 


(1) 

Of these, 8oliell1>ach has fully iho first. Tlin Hreoiul is !iiiiiu»iUatrl\ 

derived from the iirwi hy ]MiUinp; .r— ir/ lor .r, tuul //— / lor //* 11io thirtl 

may he foiiud hy in the seemid .e f ]i / lor .f% 

and// 1 |**nor//. 

Wo thus obtain 



H-S”-)! 

-^<1 =0,,, 1 ‘ ' I.'"'' 

“ ’ 1////’ i 1 /eo oi 1 

=0ir (f 1 -A, — * | . 

U'/r J 


Formula (4) may of emirse he ihnnonsirateil in the same way. 

Putting for // in the seroud of these lonnuhe, ue h;no 

r%v ■ .. . 

also we fiutl 



?' 7l.e — T ssK Ih'^ ^ . 4 A . 

s . s . . Mil 

/'lie-- , 

i7) 

Let x&f in these fonnulu*, mul we have 


. . . 

. * . . * iK| 

r^.vss: J.^ , . 

(0) 


(U)) 

Irom these Schellhueh deduces the follow iiiir sctnen 
methods 

of fomii.ha by m»f 
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whoro tlio reiulcr iniiy mi ilu^m fully (loJuoiiMtratod froiii tho * FmiclEm«»niu 
Nova ^ of J'iioobL 

They arc* by bun in anunuoir in i!io flfiy-mxili volimic of <‘rollO| 

(‘utitied ‘*IIc‘bct‘ dwratunudoVc^rhiiulungi'n ibt olliptiscbon Tranmanulonton/^ to 

prove that if eoM</>^ whom ff k mippumnl u function of e/, thou 

Kr * U (Miu be detenuined from U by Hiinplo liiit‘grnticm with mpert to 
only* 
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In the course of the investigation he gives the {hliowln r ex]»n t « 

dk I I ^ r//- _ Id J ^2Mk 1 *' 

dq liq i ?r j * tlq )iq \ rr ! 

I shall conclude this portion of iny worh hy u iviiiark rd' nienunit, that if 
then if (r) ainl (,v) 1 k‘ nny two poMti\e or negaiise in« 

tegers, 3 a. vanishes if = (s4 iV^ In inent!»nnng the name of 

liiemann, 1 am glad to tak<^ the earlit'st (»|i}Hn1inuty of pacing a hninhle 
tribute to the moniory of one of tin* most iliustri«ms luathematieiniH whieh 
either his country or the world bus cvt‘r seen. 


Hf^ort on Mimfid Veins in ChrhnnijWom Limes! nne nnd iheu* Omjnnk 
Contents. Bij Ciiaelms MtuMin, FJLH. 

A CAREFUL conaicloration of the phenomena niitmditig mineral veins needs 
the aid of tho physical geologist, th(‘ ehadrieiau, the clienust, the mim'ralo- 
gist, and also, as I sh{iU])reHoutlysho\v% that tif tht« paheontologiMi, in order to 
arrive at correct conelusioiiH respeeiing their age, ilje tnuterialH they e»mtHitu 
from whence ihosi' imderhils were d<'rive<!, nml the time when ilu’V wm*e 
subsequently deposited in them. I'nfortunattdy 1 do not |md<%M to loive 
anylmowledgo of some of these seiences, ami the eonehisiruiH to uhi^h I 
have arrived will ihondore he based upon general olwerviilionH. sueh an 
could bo given to the physkad ermditions of vuriouH mineral diMrictn, ami 
tho manner under which some of the veins have hemi fornjed ami rehllefl, 

There are few subjeds connected with tlie physieal I»id«»ry of mir globe 
wMch have prcvscmtcd greater' diilhmlties in their <ducidutifm*, ami few the 
study of which have, up to this time, had less witisfaetorv tw irrlain resirlls 
than tho laws which have r<»gtdnti‘d <mr mineral deposits, tlu' views euitT- 
tainod having the wide divergeneri between n idntonie and n Neptunian 
origin for our minerals ; and although the lemieney lif r»pinifm is probably in 
tho latter diroptitm, it may 1 h^ nlmnsl said that at'tbis time there in no fktai 
vieAV oil a subject of su<’h great erouomi(‘ imporfanct*. 

Tho opinions of varioiis nuthorH may he ebieily clasMeti under the bends of 
and mytrtfnflnnC whilst those fif Werner, tlmt the mim^rals 
in the vimus have been derived from tin* waters of the ma-an, and tbfise 
recently pro]K)umled hy Mr, Wid lace, that they owe their preseuee t«* ntnm- 
sphmdc ciiUHi'H and conditions in emuiexiuii with segregation, deserve at- 
tention. 

Isi, By subliiuaiion is meant that all our mnierais have been entireH*' 
derived from iho passage upwards of eeHuln vapours ymbliuglhi^ mirierubi 
through tho veins, wducdi have been venis from tho heatoil interior of tho 
mAh. 


2ndv By segregation, that the minerals now found Jn veins wwe mitem- 
pemeom mth, and depoaitod in very minute quantities in tlm lumixontal 
8tota now form the walla of the veins, and that by .some motk or 



ON TI|E, RAINFALL IN THE BRITISH ISLES. 


SOS 


ON MINERAL VEINS IN CARBONIFEROUS LIMESTONE. Sfll 

Under tho first condition, it will bo veiy gonornlly iidniillf'd thnf> tlio 
inatcriuls from whonco those minerals wtn*o dorivod must lia\T boim hold in 
solution in the waters of tluB ocean at the different periodM when lh<‘ ^tra- 
lifted hedH eontaining them were ht‘ingdepoHi1ed, ami thiiMhe iinn% the Hjlien, 
the iron, wdiieh will 1 m‘ futitid more <>r Ussh ahumhnitly in ev<‘ry Icn’inattim, 
must have been, with tew if any exeeptioim, prenpituted eotiteinporantMmMly. 
Although the t}res of <*opper, tin, lead, and otiuT rarer ndneralM wddeh are 
found moBl frequently in wdtm may oe.esiHionnlly be ddetded in Htratitie-d 
beds, it is ovidonl, from thi‘ ineiu^ tracen of tlnnn that are obiaimul over tho 
widest areas and in geolegi<*ul tiims that the laws \vhich w<‘rt* necessary to 
their deposition so ulmndantly in veins, were in their easfs to a cousideralde 
extent inoperative, 

P/ii/mml condttHW!^ (o d//nrm/ dt is (Uily stating a 

truism to remark that the reeks in jihHoeiatiou with which our mineral veins 
are found are almost entirely of marine orighi ; that they onee formed the 
bottt>in of ancient siais, and in thidr ninlistur])ed eonditions wen^ lni<l down 
horkontally, and wor<* <;ontintious, and without, the eiiormouH rents and 
fiwSHuros whiiih now tr{ivers<* them in every diriwiion. The nier<*. <‘mitraetioii 
of tho IkhIs during solidifteation would not bo mifthdeut to uectnnd lor the 
phenomena, us in this euH(' tin* fissures would not pass down eoiiliuuonsly tr> 
any despth. 11 appears, fherefore, clear that all vtdns must be <iue to flio 
elevatit)n or depn-sssitm of the portion of Ihe eurtlfH <*rtist in which they arc 
found, and that they are yimnger than or formed sulme(|ut'utly to the con** 
solidation of the rocks enclosing thoin, tlieir ago depomling on Iho period of 
physical change. 

It would bo difficult for any one not acquainted wiili mining optwjitions to 
rofdisso tho enormous forces that have been in operation in different ngi*M 
to produce the dislocations nemwsary for the remption <»f our luimu'al lodes. 
To tho physical geologist there can be few mort^ remark.'ibh* phenonuaia 
than mining districts pr<\seiit, or than the study of a wt*Il*"prepared m.up *if 
any of our larger districds wonhl show. As an instauee, 1 may mention a 
map of the Alston distriet, in (^imluTland, ]>repared i>y Mr. Wsdlaee, in 
which it may Ix^ seen that, o(»eup^)ing very large areas, (heri* is a eomjikde 
network of fissures, tlu^ same veins lH‘ing t'ract‘abh* through mimy nulcH of 
country, crossed by otbt*rs at. varying angles, i have sdsti shown this to be 
tho case in the Mmidip distriet'’*', where tho east and W4*Ht veins in passing 
parallel with one another through that Hm* of eouidry are repeabally in* 
tcr#4ccted by cross courseH, and to sueli an exteiif- that numermm i»xamplo% 
especially towards Uronus nmy b<» seiui in almost <»very liim’sioiie-rjuariyw 

it being admitted that thrtmgh the voleanie dislurbam.H»s indieakHi th© 
fissured character of our rocks has been pnaimaHl, it will he desirable to 
consider the iutluenco exerciseil by the tHaaui in refiUhig the vein** thus 
caused. 

On examining cavtwns and fissun^s of the Carhoniferous limestone whiidi 
are now open, it can at omtt* be seen, by tho lumeyeombed and worn ciia» 
ractor of the roofs and siiles, that llu^y tiuisfc at some period have fornif^d 
channels or passagi^s for large, bodii-s of* waior. Although in most (lurboiu- 
ferous-limestone disincis it is known that “Hwallet holes** oc<*ur, through 
which tho wuh^r now passim d<»wn and traverses certain lines of tqier* fissures 
holow, which form the natairtil drainage of ilm country, th<* sinsam Bome- 
tinum reapptuiring miles away from whonao it entered, siiiNbeso aro excop- 

^ “ Abiiormai Conditions of Seooudary Deposits,** Qooi. dourm D#o, 1867, 
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tional cn«eK ; tbe ^o?it tnajf>rity of tb<‘ n\r ln>yon<l arid wiilwrii 

thia iutluoiK'iN find it mnsi K‘ <drt tangly l«i jin> 

where the tlssureH have been relillrd. \hM then* muld h' fhr ]u^Kn*^ ef ntiy 
cotirtklerahle liudiea nt‘ water thrMiurh them th*7 inu» nli| lea d tlsnr 

preHciii (‘levffiiens, in .smiie iiesiame*^ nmMunting tn h*^n^\ lef^t 

ahnve the aea-level. H appear** nnv thfi’etere, imwe piehaMe rnat the d»'- 
nmlidisHi te \vlm‘h tlie^ base been Md«je»i i«dne in meat m* e^nv. ?m th* baur. 
ennlinned {o-iimun' m.uine eurreutH, whdM. the the upper pt!i«i 4 ' 

whieh adurd tin* inuht htrikinti: evhletwe id‘ tiun e.Midnnnn - 1^4 r« tnunied 
open Inmeallt the witrlat'e of the oeeun. Thin me^dit iinve !«» n t»u ^^rratly 
e?iien(h‘d ihtuhIh, uk there h e\ideuei‘ thrunijhMnt the Mnultp and 
WnleH divStrieiH that the (’arhoniferoUH iamestoneM thntied the tienr »d' the 
BOH. thrmigh TriuBHha lauMsin, ami ihditle thueB, 

After the dihturbinpf inllnetiee by wdiieit the li'HHure** \^<re ran^-ed. tlmr 
tilling u]) by derived inuteriHlH, and the tinn* m*enpinl Ibenbu mud have 
depended upoti luejil aiiiHOH ihni were in uperjdion in the Beuaad lui-iiniii 
'wbkh they ocenrred* In aoim* inBlnmM‘H» where little ru* no MahtneHlniy 
miiticr wtiH heing dtu'ived irmn adjoining Ininb, nr where no pre*‘jut*tiftg 
BiriiUlied depfJHilB were heitig dcmiahMl, few inaterifdB for thm purjHme would 
be BUppliffd, and Ji greater length td'titm* won, hi elapse hefore I lie tiKBuren re- 
mdved llu‘ir veiu-Htutr, of wdmiever kiml, whilMt mi the emdriiry tliey would 
morn or Ii'hh npeedlly have reeeivetl the d(‘|K»BitH with whieh they are now 
tilh‘d, Huhj(*et, in cntlier ejiae prohnbl), to n miuring md and oeeaMUuml nm- 
dillofition of tin* mulerial within their walk 

ihiUnita af /'V.s.svo’os.-- In working for various minerals, it is UMialli louud 
that tb(^ inor(‘, prinaouH eontmd.s <d' ibe vinns are either in xertmal sfriugM, in 
bundum or poekets, or more rarely in lints, and that they form luit a very 
Bxnall part of the contentMof the tkuves. Wlteii utfenti»»n is given to the 
other materials wdddi form by fur the gnsder hulk of the intliling, it will be 
found in soma iustunces to he of u very varied elmraetii*, iluw* evmt in 
the same mine being most remarkable. Though in geiiend Ifiere might hi* an 
agreement in tho character of tho deposit in tin* same ininerffl tield or area* 
when separata districts arc oxuinined, the distinction is more marked ; often 
the material brought into the vain i» conglomarfdie, efuminting of hfdh angubr 
and rolled pebbles— in tho former cuso prolmhiy derivefl from the adjnceiit 
walls of tho vein, or from a sotirm not far mnoved *. in the latter cast*, Vhich 
is not an unfroipumt 0110, the 'jmhbles are from rocks not e»mlempora neons, 
some of wfiiuh havo therefore a foreign origin, and, either in being brought 
from a dintaneo or from tho mihscquet it action of the water in the fIsHure, 
have been uh mneb rounded ns are some of those fomid in the drifts of our 
siipcdiidal ({imternary deposits. The cavenmiw intersliees left in such con* 
glomerah'B are favourabhi to tho deposition of imnc*rtd» for wld<‘li tin* veins 
arc workcid ; and wlu'n^ tluH \n not the case, they are ummlly eemeiittHl to- 
gather by carbonate of lime, (juar 1 .z, or some other material nmident to the 
milling. 

Bldll more frcquonily, in many districts, from forming the groat bulk of 
ihf iufiliing, the »dowky’' portions, or the days, of the veins im charged 
with varying depoaitn of a sandy nature, with marl or clay, or with a me- 
lend aiming a variegated or finely oonglomomiic chametor, showing aa 
admixture brought from different sources, or by tho doimdaiion of beds of 
different mlnerlloiical conditions, analogous to stratified deposits wh«a 
brought together by opposing currents. Tho variety in the character of 

marked; and there may be obtalEed from tho 
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Bjnito vmn Bampio« of «Slowks’’ whieh» wlieo waBhofl, givt^ aliiinst {‘Vtny 
mKauvablo htw of colour, fnnii the infJMi <lolicatc French w1ut<‘ lo Hie 
dcnm'Hi BhadcH of black or iiuli^o, all rlut^ to Mio tUflVrtnh. cheniicat 

or niinornlof^inil f?niKiiiionH of llo' matrix* Additional ovitlemH* in n Horded 
of tiu^ derived mduro of the ‘Mlowks*’ by tin* fniruHional |»r«Mene,o iu tliom of 
foHHil wood* 1 loiV(‘ found a pioci* in tlic ( 'imrlerhoiise Jiliim, CfUi verted 
into jok with the cellular p<»rt ions containing ij^ulorm ; and anotiuT exaniplo 
is r<icord(Hl from the Uiidgill Hum Mine*, the <*xtori<»r of which wuh C(m»ml 
with, guleim. \Vin‘n<*v<‘r in a giv<‘n urea a series of fissures were open at 
the same time, und subjead to tin* same <‘miditions of dijposition, ii is fjtiitc 
poHsihle that eeriaiu hoiaVams of infilling might he found in them, though,, 
from the peeuliar einminstunees attending tlimn, tludr recognition would 
invidve dost* observation. 

J Caving said thus much of tin* fissures and tlu-lr mr»re unprofiiahle am- 
kmts, J now proceed to considm* llu* vie^vs that havi* hern usually eiih^r- 
taimul as to the detnisition of the minerals therein. 

of Mhmxd Jh'jHmlthm.. -Next to the one whieh 1 shall hereafter 
snggc‘st of a ]mr<‘ly marim^ origin for the minerals, 1 htdieve that of sub- 
Hinntiun to Imvi* the gnadest. luaihahility ; hui there an*, I think, many 
nMisous tigainsi this supposed cause. 

It. necessarily involviss, wdnit was most liktdy the faei, that, the iismirM 
originally eonthmed downwards until they reached Iht^ source of volcanic 
uelion, which in some instanctes mnst have lK*t‘n seated at an enormous 
depth. The moment the fissiires wer<» opened, of whatever width, if within 
the inlliicmoo of the they must luivo hcim tiiled by its w^ators, and 

liahio more or loss quickly to iweivo their now ^'Hri(‘d contents. Their 
lower depths would nnt.uraliy bo tirst tilled. Where t.lui rents tinssed 
through, m musi often have been the ease, soft and yielding h«*ds, this might 
often have occurred (piickly, in others only after a great, lapse of time. \\'i*rc 
the doctrine of sublimation t rue, we ought, I think,to have gri’atm* evuh‘nee 
of the continued passage, iipwardsof volemiie duals, in t he very lowi^sidepths, 
instead, ns is most ofimi the east*, of finding onr minerals high u]i in tlie vtmm, 
or occurring chielly on given hori/.ons in them, or even in pockets at their 
surfaecH. It appears to me also Hint the dowks or ela^s through uhieh 
so subtle and pol(‘nt anagi'iii nnistimve 1»een eontinually paM>ing% charged with 
its varied niiiieruiM, must have shown much grcaUTe\ idence(*f its effects than 
ii now Hi'cn in them, and that theyuould more fref|u<ailly havi* |f*rick(i to 
precipitate the mlueralM before tlu*y eould hiivt* passeil so far ujiwarik in tho 
vein in which, tiH*y an* now more frequent iy fmnd. 

The doetrine of sigregation, whieh at this time iip|wmrH to have most 
ludievt^rB, is, i think, open to greater ohjeeiion than that of iubHinatlon. 
its disciples believe that, suhseipiently to lin* movemenii which have eiitmed 
the fissures, w, process lias been going on whieh oven now Ii ooMeoHog the 
various minerals ti^geflier lowanls u lixed point, acoording to their luitural 
affinities, extracting ilietn from the adjoining rocks, and redepositing them 
in tho vifiUB. Uns vi(*w is purely imagiiiury and inoapaldo of priHjf, and 
seems to mo as impoHsihle as the iilea I had when a boy, that- if you planted 
a stone, ia process of time it miglii grow into a mountain. Thm‘c aei'ins to 
me no ]K)SHibilii.y how, umier this supposition, any mineral «;an be with- 
drawn, ami neccssariiy replaced by another totally diiereut-, involving a oir- 
oulatorj movement, continually In progress in tho matrix at some of our 
most extensive gcologie 4 ii format ions. l*ro!nihly* as regards their chemioal 
eonstituentH, thoro aro no more hotnogeneoms rocka than the great iorioii of fih# 
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Carboniferous Timostonos, the veins of wliieb a rtuiHiderable |Wi|iorfifin 
of onrlcad, calamine, and irmi-nre ; nmlelimiieul nnal)HiH will nhm ihiif Ike 
constituents necessary in the itredudinn of these niinenits are ahno^t entirely 
absent from them over the widest areas. Tlu^ limeHiemN ihat eume nnm< 
in contact wiili ilie walls of stron^^ mineral lodes uu-ht, \uth t\m vimv, 
to jield tlie hesi (^videnee that the minerals l!n\e hern thus se;:rr,ra!ed io*. 
geUier; hut it will he tbuud that they niv* ns free from the mineiab th-d are 
in the veins as wouhl he sainples taken at any distanee from the 

Under this Item! it is desirahle I shmild notiee a \iew hileiv Mne^enit^d by 
Mr, Wallace. This gcmtleman has lately pnhlished an elaborate \iork on 
^Tiie Laws which regulate th(' lh‘position of th'<*siii Veins^* ^Udeh, Ihottgh 
having special referenw to the Alston-Mmir district, is proposed by liiin as a 
law explaining the ore-th^posits in all mineral v<*ius. His work shows nit 
iniimato knowledge of the complicated physieul deinils of ttmt extensile 
imning-rcgion, iu which, in oppositioti to stihlimation, he remarks, that all 
the load-veins are found most, prodtieiive whc'n? furthest, natmved from llm 
scat of Plutonic action, the richest, deposits being in the upper pari of the 
Carboniferous Limestone whert^ no igiuMuiH roeks are found, nml that in tlmi 
district there is nothing to HU])port the theory that leml is due to exlmlations 
from l)(dow, or t.o matter injecieil in a tlnkl slati* among the consolidated 
sedimoniary rocks. Instead of this lu^ slates that tlu^ more prolmble onuse 
of the lead-ore at, A]sf,on is owing to s<‘gr<‘gatlon from, or di'eompositkm 
of, the rocks 'which fiirin the 'walls of tin* veins where they are foutuL In 
adopting the doelrino of H('gn*gulion, he proposes, for the first tinu', to I'om- 
bine with it another causi*, M'iihout whieh tlnu'e wouI»l he no important de-- 
posits of minerals, vi:«. that of recent hyilrous and afniosplierie agency* 
Without the pasBugo of large bodies of water down wants from the surfam?, 
derivod from the rainfall of the district, and their fn^e i'ireulation in the 
veins, there would he no eomlitions fuvcmruhle to the (i<‘po.sit of minernlH t 
in all cases bo states such deposits are found only wliere iluiils most freely 
percolate thb surface and circulate in the veins, and tliai these conditions 
only occur whoro the strata are sitimtinl at moderate depths from the mir* 
face, and at some considerable distanco from the wat(n‘shed of tiu’ moun- 
tain ; that, oombinod with elecMcal action, these ugmits Imvt* bemi tlie mearm 
of extracting the minerals from the iitljoining rocks ; thni tlu' opj’rnfbm is 
still in progress, and that all huH hetm accomplished since the fihn'iiil period. 
The oxamlimtion I hm given to mineral veinHuud their conieuts does not 
support this vit‘w* Tim chief material of all mineml veins I finti t<» he of 
marino origin ; all tho organic i^ontmits are fossil, and their precise gisdogi- 
oal ago can bo arrived at without miieli diflkudty. Wherever they eontnin 
land shells, as on the Mendips, or freshwater sludls, Mdiieh occur in tho 
veins of Alston, and are wide-sprmul elsewdiere, tiny arc? also fossil and of 
oontomporancouB age with ih^ othc'r remains*. It is m^rlain from this that 
the veins rocoived their infdling when within tho influeuco of the ocean, and 
before their present elevation, since which time, as I liavc before stated, I 
doubt if there could be any material alteration in their content s, 

Bui supposing their vein-stuf to , bo postglacial, and that their deposit iiad 
bmwkM by large bodies of water passing down thnmgh them from the 
evidence would have been present of the fact j for in tho place 
remains, which in some instances indicate tho exact age of 
w would have been found recent land and freshwater 

^ tiipimno©ofljandmdlVc6iiw6tfirBMk,p, 
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sTtrlk and plants alnimlantly. Of this^ through a long oxcnuiitntiofi of tlio 
ooTiieiiis of mint'rjil voinn, I havo 80 <m no twidtuioe eitlu^r in iht^ Al8t<uis or 
any othor miiiiug-tliHlrirt. 

PoHtpluKMOu* (‘uvoruH and llamirort havo, Innvovor, ronininoil npoti io thin 
tiuHS in many inHfnn<‘t‘s, in onrdarhouiforouH-limoslono mngoH; and nlduaigh 
ihoy havo htaai, within tlto inlhionoi* of, ami .stdijooi |o, dm HUggi\stod i>y 
Mn Wulhmo, ilu'ir organic c‘ontoiitH iMitisiat ohiofly td* !1 h‘ oxdiiirl mainnialia 
nf that period, wliilnt tlic‘ir mineral doposiln arc r'(miinncl to the Ntalaclilic 
and (ic'p<wdH <ai their rouf^ and tloors which havo hi*eu nlowly 

accumulating .since the ])ostplioemi(‘ ]H‘nnil. 

The iSh^piunian theory, first advanced })\ W(*rner lor the origin uf mina- 
rain, would jirubahJy Indore this have reccivcil gn‘ater attention hut for 1 ho 
oi.lu‘r extravagant, ideas he connected with it. 1 hliiill now otier some sug- 
gestioiiH regnrding its prohalde truth. 

it appf^ars to me necessary, in tin* lirsi place, that, for the production of 
min<*rals, there shoidd he the following elements m* (‘t>nditimis, vi/.. the pre.-* 
weiice of ih(‘ miiu'ral.s themselves in tlu^ watiu's of the ocean, open iissures 
communicating thcn‘with, favamrable electrical coiniitiouH, and lime for 
tlieir precipitation. 

It. has now been estaldislush without doubt, hy the InghcHl chmuiml 
authorities, that many of our most important miueralH are present in mmule 
(piantilicM in the waters of the ocean. This is admitted hy those who he- 
lii‘ve in segrcgaliou, the ditler^mee hedug that they think it mm i\ni do- 
posited and rdi<‘rwards exirmdeil from the partmt ro(‘k, imd redepositod in 
the veins, rather than originally colltHih'd in the veius ihcmsdvos* 

As ragimlH the ootitmxion suhsisthig between the ocean and the vein-- 
Assures, 1 beliove it will be recognized to he the case that, in the gmtt 
majority of instancos, the different veins come dirt'utly to the surface, and 
wherever a later rock has been deposited, whi<di is only in i^xeeptional cuhcs, 
covering up the mouth of the vein, there will still he found a break in tho 
8e(|uenee of tlie strata, which might give almost unliinitt‘d time lor the pre- 
cipitation of the inimn’als ihendn. Wherever systtuus of veins occur, it. is 
pr<ihabh% then? will lu^ found connecte<i therewith an abnormal condition 
and cmiHidendde breaks in tin* deposition of the rfjcks. I have shown this 
to bo the eami in conn(‘xioii with tin* (larhoaiferoiis hirne, stone of the Mtuidip 
range, End its eoniinuution through Houth \Vnh‘s, in which districts it c?an 
be seen that tliuse rocks were, through enorimms piudods, exposed to tho 
influence of iln^ mu‘un, possibly finning reef«lik(* barriers around the adgns 
of the earhoiiifmous basin, the fissun'd veins and lloor of this sea-bottom 
receiving at some luvriods maierinls tif lUimtic, or of Lower or Middle liaa 
ag<% whilst an oecasional cupping of the beds of Inferior Oolite, lej^in some 
Oarhoniferous LiuieMtone trough, now and then cover up the mouths of the 
vtdns that had rec.iuved all tlu*ir c.oittt*nlH prior to its dqiORitieii. Borne 
most insinici.ivo esain])les are pnwmi. in this district, in which it may be 
seen that wdiilst tlmre are on the wnills of the vein tho usual vertical (‘on- 
ditiems of vein-Btuff, such as cuh^spar, sulphate of barytes, A^c,, with occa- 
sional luvmaiitis iron -ore, caiamifie, and galena, the central poriion of the 
vein is mnnistukuhly of Liassic or lUmHie ago. In all such iimtances there 
are combined the ehunents of open Assures cmrmninicating with the ocean, 
and greater or less time in the recepibn of their content b. 

Vnriom A f/eB of Mmmth, — It will bo found that minerals generally occur 
in the outcrops of lines of strain, possibly occupying, to some oxtesit, the 
same rokiive positions, m regards the strata by which they are now 
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mmM, m m earlier iimen^ nml tlint tlie miiu’ral-lMS'U'itiK nufe ffiriuinl the 
fiotir or baekhone on which the later hods were iaitl down* TIiih the enne 
with AuHiraliatt atul ralitornhm auriteroiifi tie’ ciouihoH'^ iieiiuda ‘ 

iion ami consequeni flriiln of Tertiarv age in th«* fhi'toor ea-e hating l o*! 
hare thehacki»oneoi' the anriferonv- hearing rock hehot . 1 hi\e nln ath ti 
thlH to he ilu* euMew’ith tin* rnrhoniiVnmH liimehnojeH uf the wr4 uf I'ufrhitMl 
and Wales, sehere, \n eoliiiexhni witli Iheau Veins atnl [»Mek« N nf 

Bvitioral-heariiig lias art* fonml, Luissii* minerals, again* oeeur on what m 
prohalily n, coiiliauution uf the same gnsd harrier, which, lei^ang nmli r the 
south-eastern counties, crosses tin* eliannel to iTauee, where tint aie Men 


on a door of granite. Tin*, (mterops of some of the lime- tomM nt' XtoiH 
Wales ami the north of England fmve been e?w|Hised to the imfinan e ot seas 
certainly as late as tlu* (toal-mensun’s and the miiterals fottinl iti tlir* great 
mining-districts of (!orinvall, vvhether in the lullas or the granite ilM-lt, me 
found connected with, ov rcsling uptm, u great haikhone n\ the latter r.»ek, 

It is also worthy of rentark that the coiiglomerut(*s uvuai|\ siurtifiy tlu* 
edge of the limestone, whieh nmst long have heeii suhjf’ct to the m Ueti ef |h<* 
ocean, arc hirge reeo])taeles of Iron, eidaniiin*, and lead, the veinn in which 
Bcldmn, if ever, pass downwards into tlu* limesioni*, and whieh, tlnmgh Hpen 
to the ocean, arc cut (df from suhlinmtion heneaih. The tihon'es in I liese great 
lines of suhnmriiie moinitalns must fiecessarily have been chiefly tiiled with 
marim; matter, whetlu'r niin(‘ral or otherwise; Honutimes, whetV the mule- 
rials were friahhn sujqilied hy the walls of tin' lIsMire, hut peilnips ohener 
(leriverl WInuever ihi're 1ms been a rapid tilling iqMdthe vein*. h\ a homo- 
geneoUH material, the ehmuml of lime is e\<‘luded, such as with tlie'** dovvk\ 
portions of tin* veins, and in siieh cases w'orkahle minerals are M-ldoin round. 
The same occurs whert* th<*rc is asupience of deposition, and slratifa afiou 
Mlows •without a luTuk in natural order, If the nluoe view he e»areel, k 
follows that the longer a iissiire has been expf*sejl in the influenee of the 
ocean, tho greater will ho the prohahility of a larger hup|dy nt minends 
therein, Where veins have been shiwly tilled, whert* the*y have been 
cwrnous, or by svibsequent tiiovtumndH have been e|M‘Ui*d onVeverid tteea- 
sioM, whoro they contain ronglomemtiniutlllingH, or Imva* lK*en ktqd ttpmi by 
currents, fayoumbh^ conditiouH to deptwilum tm*ur; ami it is a wadl-known 
law of mining that, at the junction wduu'c veins intersect, rif*h iIciuphiIh or 
pockots of minemlsaro most usually fuuml, froiti the fact ihiU at mu'h poinU 
there has been a scouring out of llio IkauroH, and ti bnpr iimtt givt*u far 
precipitation. 

Palmmtuhfiy of Mlnwl Tho physical views I, havi« Huggesfed nn^ 

strongly supported by the invcwtigHtiims I have ij»r some time been pumuing 
regarding the presence of orpnle remains in mincml veins. During thomi 
inVOStlifatlOIlLS I have examined 


too voins and fissurew from tho laining-dwtriolK of Wltnri'cilnli', Wotwloy- 
e V Hwaledak, Alotou Moor, Kiww-iok, North and 

t So» Wale^ and SomurBotshire 5 and I am much indobtod, for tho fiudlitiuo 
afforded mo in thoir sovoral district*, to Lord Mton and Woiww. 
W«to», Eddy, Bainhridge, Cain, Peart, Waslry, aad ttopwitli, 

enormous mine-workinRs and tho quan- 
i“ fi'^ry part of tho world, that bo 
, w jw TOesonce of fossils in them should have occurred. In his 

P '*" ?• Charlos Lyoll montiona that M. Virlct 

® 8, lead-mine near Somur in Fraooe, and ftat a 
hi a compact vein of omnabar in Hungaiyi tho pi»- 
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Bonca of wliioli worn aetwioled for by tboir bning iriuiH|jorintl flnt1u*r during 
Hiilniiariiii' narth(|UHkn8* 

Anrjcnioiuatiaij of thovniiiHm i\w formnr nnHOToiglif iiHlirntn fhn proHoow 
of many olhor sltoIlH, ami probnltly mhow tlm ngn of ibn voinn oj'ihul dislroi 
In hn or Oolit in* 1 u lln* lotinr roMo, ni-so. fillmr rriitiiiiH miiihl hohnaicL 

ami ^iold iitMilioiml otaUinnoliou oTtiu* \io\\s 1 Itavt* pronoumlrd. 

Oop rnoMm for 1 ho iinio <liM*u\frv **1' orgaiiio romaiiiH has armim IVoin Ihnr 
bfMog gfijonilly oi‘ mnall sixo, ami that Ihr vriit-sf ulf in uhii'h ihoy liau’ to 
ho hongiit lor is ollou f»f a vory imrartithlo <‘ltarjo*lor, nKistiug tho rtolioa of 
tho Motor by \Uiioii it li.as to ho iliNvnhtal hoforo tlioy oan ho wsmlio*! out *»f 
it, ai'tor whioli tin* ro.Niiiutim I'nijuiroN almost jiiiiToMMipio oxamitialion for 
ihoir Hopa rat ion. In tho ])roooss of Mashing away tho ‘‘dowks/' it l.> intor- 
OHtlng to Jiution th«* vory variod tints wit It which tloy (‘ohnir tho W’atoi^ 
arn'orfling to tho ininoralo;*h'a] ohannlor of tho matoriai to ho oporatod upon, 
which <lilfor.s in sopara1t‘ districts, and mi diiforont io\i‘ls or hf»ri/.mis in tln‘ 
Buim* miuo. 

Tho organic riunalns thus ohtaincrl nri* occaMonall> oM-n more variofl, uh 
r{‘gardM gtaua'a, ami species, than If tiic\ had boon derived frotn a givoti 
horij<on of sf rat ithal deposits, arising perhaps iroin tho hutgfh of time within 
wliii'h tho tissun^ might have hoen open, uml tho neecHsarily nii^ed condition 
cojiso{pienl upon ilte tilling tifMtf tlio vein, Homo from tho C Jar hold fermtM 
himodom* itself are assoeialta! with IhoHo wldeli are foreign or ilerivod. 
In tin* ease of the (llmrlerhinmi* Mine m the Memlipn, 1 hose which are of 
IJuBsie ago, and eanseijiiently dt^rivod, nr<‘ in the proportion of nboni 00 to 
30 from the older rockfi within the wmila of which iliey art* fountL In 
OarboruferoiiH-limoBtone dktrictH of Holwell and Frome, llhadic and LtiiHMia 
organiHiriB aro also in largo proportion ; and t.he Hamt? may gem*mlly he «nid 
thronghout tlm Mendip range and Howth Walen. In North Wahmnndtho 
north of England, on the otndrary, OarhcmiferonB-limt'Etono remainK aro tho 
nioHt frequoni ; ihoso of later ago are the except ioms, Moino of these In*, ing 
Entornostrn(.*a of IkTmian Bpt‘eU‘H, whieh may Im common to tht* tw‘ii Hcru^M, 
and Foraminifera, which have a long rangt^ npM^a, rds. Thc^ jireeisn htt(‘r age 
of tlie vein-intillingH is therofons in their eases, not ho ehmrly tloHmul oh in 
the south -wcHt of England, in the FullowlUdd Mine and ihe Hilver Band 
Mint's, FlviiihHjUeH a H<*i*d td’ tins emd “period, oetoirs, whilst at ClrriB* 

sington and IVioltl small j)arfieh*s mf tuial art» taa'UHjonally presents in tho 
‘Mlowkn/' whitdi at Fallowtk'hl ami in the Hwtilcdah^ district aro m like 
material from the coaUshides that it is naistmahh* !<» Irder that thtj veins ara 
contemporary w'ith, or substHpieni to, the etad-period. 

Nothing can w'ell lu^ more nanarkahie than the Mmidip veinH wdih their 
intillingH of Ht'tamdary ngts high up tm tho Uarh<auf<*roUH*Ihm*Hioim table- 
land, and Milli no Htratifled dt'posits of lias within Ht'Vt^ral mih^H, In tho 
case of tlio (lluirterhouHe iMine, f*’otu ihe varitdy In the conitmts of tho 
fiBsures, ihcjro is am]>le (‘vidimt'cs that a eonHifk'riilile tltru! must have elapsed 
within which tiny rtmuiine<i more or h*HH open, and dunng which various 
oocaude inlluene.es WiTC’ at wau’k. At fei't, the Itmu'st depil) of tho 
nhaft, tlnu'e is found a. (h'posit- of blue or grtumish clay, 10 feet in thiidiuesH, 
which has yiehlinl the Liassiif fossilM given Imhav. This, on ilu* same leveli 
oceasitaially elujuges IVmn a lioinngeueous marl to pahdies of a more eonglo*. 
nu'ratic malerlal. with enclosc*d \vaier-worn pehhies. Iliglier up the vein it 
hocomcH a douses conglomerate. Above Huh, eandy-looking depomts mmtf 
whi(!h, when washed, are seen to be iilmoHt enlinsly eomptsHed of the do- 
taeJusd fc^teiuM of oncrinites vay much abraded, wiUi small wasihed pcbblen of 
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hsematite iron-oro, Allowing t1iat» uftor tho doposil of flio IJfin in llio vein 
lbelovv% a dmidation of ilu‘ rariHniitlTons 1 amoKtnnohad honn going on ; mhI 
aliovo this, again^ ooaurrod t‘alrs|mr and ihn largast doposiH of hsail-oro ; 
all thcw nhaagoH, and oihvvn whWh might ho moniionod, indi«ndo Iho many 
condilioiw that warn in o]«n‘atiou hoforo tho ii.sMiro laid finally \vvn\i4 
conttails, wliilst still within tho ooouifH iiillumna% and jav-sihly htd’orr tho 
final tdavniinit of tho Mondlp mngis In this didihl tho niim-faK jmno*' 
near the. surfaee, hnt they are oeeaHiinally found hehwv, ami d^iafhed 
crystals orgahaia in*e not untVequent in the LiaMsie elay at the hotiMin, 
hi the thl lowing list, whieh is ext raetiai from my paper th»* Ahimrntal 
Condition of HtMiondary heposilH,” it. will he seen what a large fmim 
occurs within the wnlls of the lead-vein, that most of the great palieoutolo- 
gieiil groups are therein represented, and that they eleurly iiidieute its preelsn 
geological age. 


List of Orrfmik Rmmrm fmn Ghnrtr)*homt\ Lmd-^mh\c^ 27i\firt fmm thf 

Kttr/mr., 


Ok LT^VHHTe Aor 


Ohara liassina, Moore. 

Drift- wood. Jet, 

Cri Rtt dla ri a. n d.i da, Lamk 
— eostala, jyOrh. 
Deiitalina eoniniaius, HOrh. 

. ohlitpia, lihiH. 

^ — ohliifiiestriata, livim. 
Froiidieiilaria styiatnla, Heim. 
Involutina liuHsien, Jotm. 


, sp. 

Margimdiiia litnus, lyOrb. 
Kodosaria raphanistrura, Unit. 
radicnia, Liim.^ 

PlaxnSana Brotmi, Moem. 
Tcxtularia, sp, 

Pentacrinites, joints of. 

Cidaris Edwardsii. 
Echinodemata,^ sovoral species. 
Ophiodcrina^ joints of. 

Sorpnla, sp, 

Pollieipcs rhomhoidalift, Moore. 
OruHtaeea^ claws of. 

Bryoj«oa, sp. 

Argiopo. 

Crania. 

Lingula. 

Bhynchonella variahilis, HeMotk 
Terehratulft punctata, How. 
Spirifer, fragments, soveral sp. 
Tteddium Mooroi, I)nt\ 

**-*-*' trianguMs, B^Orh. 
Masda Davidsoni, Moore. 
Laboueherei, Mom. 


Oli^tda ,£mM0cMa. 
Cncdilsa, 


' i ' Leia Hehtri* ■ 

>. - ' 




Nuenli. Hp. 

( )pis, sp, 

(‘(‘ritlumu gratiun, Tvrt^ 

-- rfitnudiitinn. 

— ' - |Mdud inure, Ten/. 

— - ■ Homele, If(kk 
t^hiimi. 

FlsHUvellii. 

Melnnia jdtermitii, 7'm/. 

Neriinea Ah-ndiptnds, Mumr. 
Orlhostonm tVunieninin, Ven/. 

Iritieiim, 7Vry, 

Plenrofoiiiunii e\pniMi, 

— i^hMldipeiHiM, MotnY, 

»S(rHp{irolhm Irienriimins, Mart. 

Uppeli, MftH. 

Holarhnn hnitieulHiis Trr^, 

Tmcluis nitiduH, Terq. 

— odulns P, M, 

— sp* 

Turbo, Hp. 

— sp. 

Pietfei, Mmiith 

— -* arunuH,^ Mmim. 

— Murtiiii, Tetuf 

' " ‘ tuiifnhiM, MomT. 

Tnrritidlu If ninherll, Mttrim. 

- Ilowsei, Mtmre. 

AnnuonlteH, sp, 

BehminiteH aeiit.uH, MiU. 

Fifth ranmina alnnidanh inelnding tiMli 
• of Aartidm^ 
renmaenling ahout ten 
IchtnyosauniB, tooth of. 

Derived fmm the OAiiBOHiWBoni 
lilMBSTOm 

HeUx I^wsojni, Moore. 

Pj^nOrbift iSLiidbemiie, Mom. 
Proserpina Lydui, Mmm. 
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Valvata anomala, Moore. 

“ pyg’itui'a^ AUoofr. 

Vortij^n MurrluHt>ni{i% Moom 
Bjunlia, ploh«‘iu, Room 
- Imn Ih, JoHro «S’' lurkht/. 
hi!ni)u(H, MhasL 
- * - lalHiliiiH^ Jofiva Kivhhf. 

inliM'MKMHa, Momf, 

- — - umbijuun, »/w/rN, MS. 

“ - UMjUuliH) Jours^ ^iS. 

Jonrs^ MS. 

— Thrai!ii>, Jooos^ MS. 


Kirkl^jH plic‘at«. Jone^ A* K^irhhj. 

MS, 

Trrolmtiulu liUMtata* 

OHhiM .M ij*ln*lhu, Kotu 
Alnpuf np. 

SpirufhiH. 

St*rpiili»‘. 

Bryo/ua, \arioiiH .npirusM, 

(^^raI^^ fHfU'ral 
Kahhn Hbanaatu. 

(’nlHuhuils. 


{■oihsiderabk* paluHintalt>^'ii‘al infiTosi attadu*s to iho piv’seaco, iiiulor th«‘HO 
peculiiu* cotiditions, <»t‘ HiK‘-h ^ftu'ra hh //♦//.<% Proau'iitoo^ and W rthjo^ an* 
'sviib an(‘ (‘X(M*]>tioiu Ua.'V ur<,; tin* raiiiost ma»u’inKi‘d land slu'lls, and alscj h? 
'Vafoafit^ I/fli/rohiK^ and Pianorfos, flu* nldc.st froliwahT j^’t'nnra yni knu^ui. 
In tho papur aliova inrntuauaU I ndVmnl fa Ihn dilluadly fittd. t-xiNln in 
aUvaya assij 4 :ai!i{» ilu* shells of dillVivnl wlmx thus nd\i-d 
tnu* pf{*(d<)^'i(*{d luanzoiiH. Alllunij;h iu }^‘<*iu*ral fldn tliOiradf\ durn itnl, aarur, 
it nifiy ]ta]jpou with thn.s<' winch am new, nr have nut hcfu previutn^iy ntm- 
tip’tpduf’ally n‘('of.pri'/(ML 

It was nut unnatural that T Hluudd hav«" nuppuMud thuHi* latul and 
watrr nhells, when {uvuinpanied by a larj^e IiiuHnie fautni^ fu In* of the Hunu’' 
age; lait with rcfiiard tu flu* l\PvttUi tuominh^ the T. nud tho 

J^htHorhtH d/ra<///ava>'/.v, the evifienne I have Hiiu?e uldaiiied of the preseneoof 
these shells in the iiiiiiing-diHirietH at the N^urtli, hauls mo to tlio coneliision 
that it k pmhablo tluit these land and I’resh waiter H]HHdeH are rather to he 
assigned to the earlier period of tlio Carbonilorons Lirju’stoiu!, a iaet that 
wdll still enhaneo their ptihrtmiological iiiKmst. I'he pre«t‘ru*e also of other 
freshwater genera, to be hereafter not uukI, tm'tivring in eonsideruhle nnin- 
hers in tht? veins, iiuhiees mc^ to think that tluu’o are some freshwater IumIm 
conneeted with tlui Carboniferous limc'stono from whema? they* may have 
been derived which have yet to he diseoverod; and I hope my g<‘olugical 
friends %vho are working in Carhonifimms-liineHtom* districts will Itiru their 
attention to this point; fm* of all l’orniniii)tm, h‘SH, 1 believe, is really known 
or realized of the gr<‘ai physical, palu‘ontulogi<‘ah and other ehiinges whicli 
have o^mirrc'd during tlu^ ('arhoniferous ])eriud than of must other geological 
deposits, and there yet remuitis a great work for stune gindi^gists to take up in 
this direction. 

In otlu‘r inining-disiri<*ts organic, retnains ar<» generally Ichh plentiful 
than in the Mendiji area ; hot I have not failed to detect tluun, itioro or less 
almndantly^ (»xct?pt in uiu^ iuHiance, in that at the (•(monh'y Mine in the 
Airdalo distriei. It often liappiUis that, though they are wanting in some 
Bampies of the ‘‘dowks,^* they may still lie tddained from others at higher or 
lower levels in the sanu? rnino. Although they have in all instanees hetm 
fioleeied promiHcuotisly fur examination, hmsils have kum found In mom 
than one half of the samples. 

The fallowing lists of dowks,’^ %vilh notes of their organie (tonients, nm 
selected to show the general character of the voin-stulf after ii has heen 
prepared by wasliing. 

3 f/m% WemhtpMe. 

48 ft. from snifnco. A very mineralized, brownish, or drab marl ; wdieii 
washed chit^fly a residuum of cpmrk grains. Organisnis rare, eoimkting 
of tubm, hmhtim* 
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90 ft Dowkey Yein, Ashbank Limcsloiic, with occ'aHimial gfiloTiii niirl iron 
pyritoa. Encrinif<\^ very n])nntiani. Ort/ils\ raro, 

192 ft. Kold-lToiid Vein, Aslihank Liniostono,, a drab njarl, b'iiviii,£jf a vory 

qiiarizoHO residnmuj ^vitb iron p3’riir!4. Em^rltniiS alatiabud ; /ara/a- 

tina }’a,rr. 

210ft. Cobst-ar Yein, (bidersill Littn'sintn** n brnwaisb tjiafl with 

sandy palchcH. ( MnonO^i Aai'e/anN/ec/o/. AV/i/ai»\ /»’/*?/- 

ozoa^ ahumlnnl, Hriuhloptuht, 

240 ft YVst-liank Vehi, AsUbank I/nneslane, a gnyi^b iniu l, wilh innne- 
roiia Ftmm'nufem of tbe genera Invututimt^ Eitftnnnsfm'ff, niuuy A/oa*/- 
•it lies, Serj)nh8, Jhufoztui, 

450 ft. Keld-Head Vein, lloiiom Limestone, a. blue marl, wlHi ^rnlma, 
blonde, iron pyrites, qnartz, scleiuie. Plfmorhis Mmt/iiinisls 
and oilier univalves; Eitomphnlffs, Enffnnaatnu'fu many Eiin*h)lt(s, 
Echini, Seqnilfn, Br if ozm, J)isriH(t mihin, Tti'ihminht, V(‘ry nnm<*nniH ; 
Imohdimc, DcHtaJUm ptuvjwmtn, very rare. 

Aysf^nrih Top LiincHtone, a dark-ldue iriinenilized residuum vith 
galena, blende, iron pyrites, Eniomnstmatn numerous Fnrtfitniti/r^*' 
TliorntonV Kcur Ijimesiono, a bine marl. fVfsAso/ hlmlim, e/- 
oiitcs abundant, and many Fora min Ifnv. * I 


LiM of Fossils in Krhl-Iiml Mines* 


8eod? 

Involutina silieea, Tcrqnm. 

polymorplia, 7Vn/. 

liassiea, Jones, sp. 

radial a, Ih'athj* 

lobata, Brady* 

Bentalina pauperala, U Orb* 
Bairdia curta, M^Coy* 

plebeia, Reim, long var. 

CytbWe cuneolina, J K, MR. 
• — - fabulina, J* JT., AIR, 

^^.n.sp. 

Corals, sp. 

Enonnitos. 

.Ecbini, sp. 

, sp. 

Serpnla, sp. 

•Rpirntbi's caperatiis, Wl^Coy* 
Bryozoa, 8(‘veml sp. 

Atrypa., sp. 

Diseina mtida, Bhil 
Ohotudi^H, sp, 

Ortbis, sp. 


fumrubi, sp. 

Lroduetus, sp. 

|{.b^tie]i(melbi, sp. 

Teribnitula liasfala, Sna\ 

Zi'llaiiia. F sj>, 

Uiiahes, iVa*4’nn‘ids, sp, 

Il vtlrolua, u. sp. 

Rloastoiua F, n. sp. 

A'uivafa. pyp’ina-a, Mnerr* 

. — ^ ationiala, J/ofire. 

Plaimibls Alendipeiisis. Mnort\ 
LoxoneiiiH Imnis, MUhy, 

Lntnnm aritiqim, i/*f 'oy! 
Marrot'ht'iluH tneinetus, 

Murelusonm qpialriranuina, JhrW/. 

liui'eombi. M'Oay, 

-- - tridnein, 

- ♦ sp, 

,Kp, 

sp, 

Plenrotnnmria nniltieftriniibi, 
atilmla, /V///, 

- limbatn, IM* 


FaUawfieU mvl Bmonhy 11111^ Cmnbt rhtmL 

90 feet from surface. Fallowfiold Vein, a very niicac(H)UH grey marl v remfiiiuni, 
with black carbonaci‘OUH particles, fragments of emil, crystals of sele- 
nite, iron ]>yrites. Fleminfjitm tjracUh (Carr.), porctdaiii-iikii caati of 
Tiirho and Tnrntelht, EnM^nmtmva, Fhmumifmi* 

270 ft. lallowfieH Yein, a dark marl, with iron pyrites. Turlm. 7Wn- 
tella, Entomosiram, Encrinites* 

450ft. Brownley Hill Old Vein, a black micaceous marl, wiib mhmim 
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Sifoma'f in cormiderablc rnirabors ; Ihfh*nhm, u. Hp-i IHmIhiw, 

Hplnfer^ HutomoMmvH^ /bv/^cwn 

480 ft. Brownb‘y Hill .\lid<Uo Vein, a Idaek micaceous mni’L No nr* 

gnnisniH. 

000 fl. licinTtilcv Hill Wrsf (‘mss Vein, a dark mintU’idiKed micrifeifiiiH 
hlafy tlcpasiO ^Yii}^ (‘m*rinifr«slcnis raivly. 

80 fO Hufkiaiii.ij'i!! iiiirn (’ro.sn Vriu, ri black nlut) marl, likt^ ronl-nmaMtre 
hladcH. Mncrinilc-sbauH, remains rare. 


Mmlis in JAilhwJlr/fl tuitl Ht'^uvnUp I fill Vtlm. Brofca/ry illll MOO 

.FtiPtiioJii hi l0t> J)'tf fthoir 


Fkaaiufrifea isfivicilis^ Cun\ 
lavoluduM. 

l)(‘njidi!ni jmuporaia, IJOrh, 

sp. 

Herpalje. 

Serpnlih'S, sp. 

Hrynzea^ sp. 

FmM‘iniO‘H. 

(•yOiere fubaliim, J, vS'* iT., a. up, 

— ' <'uuealiiia, ./. vS" /iT,, ii. Hp, 

— n. sp. 

PiNidium, n, np. 


Filin M 11. s]». 
l*i\alve,^, .‘ p. 

Spin {‘era, >p. 

Slnn^tiaaa I*", ii. sp, 
lly»lr»il»isa n. Np. 

\ ah ata anumala, .l/iaav% 
Ikmtaliiini imaiiutum, 

Til r ho, sp. 

Tai’rii{‘lliJ, Hp. 

(kmytkmtM. 

(’oaL 


Grfmintjimi Minea^ Wharphle^ Tod*Hhh*e» 

24-fathomB Irvol Now Uako Vein, r(‘Hiduum a yellow sandy ferruj^inmtrt 
marl, with hornatito iroii-oro, (|uariE, fmgmontH of coul and <;r)al- 
liko shah'. EnerinHul Hiem.H. 

28«ft. level from the Hhab\ a hrown and red*mot>tled marl, wHh a very 
minondizod nisiduum, nmiigaiieMo, iron«ort‘, quartz, &e. Tooth of 
FHulntim, (hnminntu^ Fdiini, SV/ym/fC. 

60-ft level, wear the junction of Eddey\s mid <kinnisl(‘Es Veins, a yellow 
marl, residuum idniost eniiridy composed ofeuerhutal Hfeius. 

00 ft. on Eddey's Vein, a brown marl, with mnnganesi*, Iron-ore, quart/, 
fiHb4<H‘tb am] seaies, (hmtuhmis^ .Aamo/b’s, AVe/o//o*. 

00 ft. on IMiddle Vein, n greyish marl, in great part enerinitab Small tlsli- 
palate and other fish remains, (^otnidtinfa, 

60 ft, at Moss Middli' Vein, a yellmvisli marl, leaving a variegated irony 
residuum. OVeth of Prhihtlu^ and Omitm, and Ilsh-Hcales, Vmodmti 
of two forms, AV/y/a/rc, AmT/a/Vr.s% inmfufiitti, 

60 ft (dd Mohs Vein at Moss, a yellowish sandy marl. Health m teeth of 
(Jtfmnpipddiw ; orgunisniH rare. 

40 ft Middle Vein, Hoalgrove Head, a drub marl, ahioBy cmeriintsL Tooth 
of Omim, sfUfdl v<?rh‘hne and fish frngmonta, vegotahle-like frigmenis, 
€oHadmit,% lirffozofu Fr' ^ 

40 ft. Old Italplfs String Isvii, Foalgrovo Hoad, a grey mottled marl. 
Pish-teeth, OanwinnU^ hhicrmitm^ AVrrF?, Jnvniutkm* 

IB ft. Cavendish Vein, at Sarali ^rop, M ilktone-grit a cream-coloured marl, 
with gahma. No organkms, 

37 ft Cfayondish 70111, Sarah Top, part of Milktoiio-grit, a hrowuiHli- 
looking sample, conglomemtic, wdth limy lireaks in the lamlute. iici- 
mati^ iron*oro, micaceous sandstone, lignite or coal, quartz, galena, 
leavmg a large limy deposit in the water. Incriniid stems. 
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42 ffc, Ko. 2 Yoin, nortli of Middle Vtdti, FrioiulHlup, a btowiiiah marl, 
with Planorhls, Bryozon^ SerjmiiPj Encrhdie^* 

42 fb. No. 4 Vein, Boiith of ]Mkldlo Vein, at Frknulship, an oehreoua marl, 
with HydrohUtj Entomostmm^ Oonodmt^ iaro/a- 

tina, Nodosana, 

45 ft. Alexander Viiin, WohI Peru, Ihjdmhht^ (hnodimfn^ 

40 ft. Alexander Ytan, West Pm'u, a brownish marl, with iisli«i*einninH, 
Oonodonts, Entommtm'a ^ Rhynchonelh, &c. 

45 ft. Now Vein, West Ptaai, a brownisli-mottled miirl, with part of tinh-. 
jaw, teeth of PdaMm and Omdits^ ilsh-viniehnu and ////f/ro- 

bia, JDisema mtlda^ Liny (da ^ CoiuHLmtiij Dmttdma itmrnalian^ 
niteSf Bnjozoa^ Echini Crustacean fragments? 

24 ft. No. 2 Vein, south of West Turfhtis shaft., a grey elny, with Pmtm^^ 

modm tootli, Univalves^ Bryozoa^ Phcnmti% Chral^ Imuituiina* 

25 ft. On lUngleton’s Vein, a 1)rownisIi“mottltKl marl, 'looth of Omh(.% 

JffydroJyia, Valvata anonmkt, CmiikdL Otmodonln^ Entummtnim^ Bnf'- 
ozoa^ JDmtnUum, Berpidip^ Enennifvs, Inviduthm* 

20 ft. Now Bake Vein, a hrownislMiiotihsi marl. Piece of hirge 

fish-spitioa, and small teeth, ndvakt anomtht, llydmhitt^ iJthnylyphit>% 
FlanorhiSf CimodontSf KniommUttm^ IhUvnophon^ hkeriniten^ Ams. 

24 ft. Branch, nortli from N(^w Ituke Vein, in shales ami limeMtoiuj, an 
ii’ony-looking marl. Enciinitai stum. 


List of Fossils in tlm Ommimton %tlms^ VM)0feet above 


Vegotahlo-like fragments. 
Seeds ? 

Involutina vemifomis, Brady, 
—— aspera, Brady, 

recta, Brady, 

— inouta, Brady, 

nodosa, Brady, 

cylindrica?, Mrady, 

polymorpha, T&rq, 

Nodosaria, sp.P 

xadicuk; Linn, P 

Corals, sp, 

Encrinites. 

^sllchini, remains, 
gei^puk 
Sermditoa, sp. 

Cythere nigroecens, 

mundti. 

ipqualis, sp. n. 

hifobata, Mimst, 

intermedia, MUmt 

Miinatcsnana, «/. <5* Ju 

ambigua^ J, JT,, MS, 

n. sp. 

Leperdita Okeni, Mimt, 
Crustacean fragment. 


Oonodonts. 

Bp'(»55oa, sp, 

Disdna nitida, PhU, 

Lingula, sp. 

Bhynchoimlla, sp, 

Loplrona, sp. 

Theddiuni r, sp, 

ZollaniaP, sp, 

Tertibratula hastata, PhiU 
Bivalves, fragments, 

Hydrohia, ii, sp, 

Litboglyplius, sp, 

3'*lannrb*is Mimdipensis, Mtmrr, 
Valvata anotuala, Moure, 
I)(‘ntalium inonmtiim, M^Coy, 
Tuiho, sp. 

CluciuluH, tooth, 

PsainintHluH, ttudh, 
ikdalodus, tooth. 

OroduH, tooth, 

Part of tish-jaw. 

Yertebrm and iish-scalos. 

t shale. 

VariouB minerals, 


List of Fossils from the Ahtm Mines, 1240 /««< above &tt-level 


Carferia, sp., hot. gea. 

Encrinites, 

Echini. 

Serpnla. 


Herpnlites, 

Corals, sp, 

OythtiW pynila, /, K, a, s*. MS. 

2iigr(!iicuns. . 
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li‘p{!rditA { Mumi, 

— “ paralli^k, 

Avi% Hp, 

Nucnla^ Kp. 

Hp. 

3irt,«tata, AVw. 

Hpiriftnu. 

Humiiiua iinbm*utinn, iSou\ 
i -irrii8 i OW<// 

iljdn^laa, tu Bp, 


Daatalium iiHmiatiimj MHMff, 
KntiiMi. 

Mumicin‘ihw c»iiyviltnini^ PM. 

- "■ nnuilituikt Un^, 
Murrhkonia (aimanid, 
IH»Miro1ui!jat*iH Huk^iita, PML 

— iW. 

Tuvfw), hp. 

rntvnlvrH, Hpvcrul Mp, 
iVtaUiituM, imjth. 


TA$i nf Fimih f mm WennMi' Mhin. 


fkrteria, Bp,* nov, can. 
(hmh. 

BncrhiitoB. 

KVhliii. 

Hpirorlns capnratuB* MHJmh 
HtM’pn la, 

Lt‘prr(lita Miamt. 

(>ytlu‘ri% Hp, 

AtPvpa, Hp, 

IIhIu.m* Hp, 

tSpinfera I'rii, Flvm, 

Area, Hp, 


NiumiIju Hp, 

Bi*lh>f»tphon M-hliiitiiH? 

HU'iudiuH anti*junH^ 

Loximi'iim bri'vk, 

^lui’eluHMfiiu rpuulrieannjiUij d/‘Cm/, 
Tm’br>, Hp. 

rnivaIvi*H, Hov^'riil ether np, 

Veji'fdahh'-like ittiproHaimiH* 
Hpoiige-Uko b*Klie*H, 


Lkt of FumlU fmm AUmheml Mbm. 


Hpr»nge-lika bodie«, 
(JoraiH, Hp, 

KnenmteH, ap. 

Echini^ np* 

Hej^pulm, 

Ser|>uliti‘a» 

Lepf»r(iibi Okeiii, Mmmt 
Oythere pynila, n. ap, 

— * (hilniUhum, Jtmvn. 
— liigri’sceiw. 

— n. ap. 

fabulhiai */. K. 
Bairdia pl(*b*ia, 

fdotigata, Mmd. 
Atrypa, Hp, 

C?ho?ieteH, ap, 

Ttsmbraiula haatata, PhiL 


ProduetUH, «p, 

Hpirifem, ap, 

Bivalves, ptiriioiw. 

Area, Hp. 

PwumnoduH, teoth, 

I lydrahia, n. np. 

\’alvata aiioinaln, Mnmu\ 
Kh'iiehuH uniiqunst Md'm/, 
Lnxnijetita hrevin, 
Murehinenia ^pualrieuriiaHa, 
Nation. 
l»^’lh‘rtlplHnI. 

(hllUHlMlllH. 

(v(»ai«likt‘ fmgtueatH, 


Lid of Fomlk fmm Ihe White mul ttUmr Bmd 


FlomiBgitea graeilis, Com 
Bead P 

Spongiform bodias, 
Encrinites, sp. 

B{*rpiila^ Hp, 

BorpuHtoH, Hp. 

(VjralH, Hp. 

Echini, np. 

Invtjluiina flilicoa* T&rq. 
liaatiiica, Jonu. 


ihaitalhia pauporata, DHM, 
Brv<>v.oa, sp. 
ilivnlvoH, in piacoa. 
EtioinplmluHr 
Ht ofintomaF, ap. 

1 lydrtdim, sp, 

VJdvata anomala, Moim* 
BKammoduH, tooth. 
Oonodonti, two kinds. 
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List of Fossils from Mowii Fkusant Miiw, Mulil, FlMdrr, iibuiif iOOO feet 

above ISt'a-b I'l l. 


Seeds ? 

Encriuites. 

Serpulie. 

Iiivolntiua 

.Dontaiiua? 

(’yiliere VVardiaiui, J, /C, n.Hp. 
Chiton-lilie valves, 

Bivalv(‘H, ill IViij^'meals. 
l\n‘e])ratula, sp. 

SpirUi'i’ti, sp. 
llydrobia, sp. 

Eiioniphulus, sp, 

Cteiioptychius, tooth or scale. 


( h’oduH ciiidurt, vl//. 

!*s}muno(luH, terth, 

IVtaiixiuM^ teoth. 

»Suu rifh I hys» 11 k f ‘ t < ‘«*t 1i . 

(ladodim, h'lth. 

Stpmlorurin-llke seiiles, 

Tooth, ^vi^ll sermtod oilg^es. 
lleptiliau-li!it‘ looth, 

SeuH's, Io/,eiige-slj}iped, of tislu'S. 
(lonoiloiits. 

While siliceous iViijiiitoiifs of simic^ with 
inmimms scatteriMi 


Lht of Fossild from the Ooldhemj mul lied drove Mhies^ Tniidah^ 


Seed ? ^ 

Encriiiites, 

Echini, 

Serpuliles. 

Im'olutina. 

Oytlu'rc bilohata, Miimt, 

— — dn ii., AiS. 

Cyllierella aspera, Jonon. a. sp, 
(juruls. 

Area, sp. 


Kucula, Hp. 

lutprcHsioiis oDiivnlvcs in vcia-dulF. 
Timtbmtuhi hustata, 1*ML 
Bcliorophon, s]), 

Bentalium inovnaiimi, 

J lydrolfm, a. s)u 

idanorlMH Alendipi'nsis, Moore* 

Valvata unoaiala, sMoure, 

.1 Vain modus, looth. 

Spiue-lihe bodi(‘s. 


List of Fossils from a Vein at Westna^saih r^Mare. 

Kii'kbya iin]ms,*>u, n.sp, 
linii'dia jileboin., itvuss, 

(ilaueonoUK* |iriiudis, .l/’To//, 

IliUMduiim iinbi'iculum, l*hd, 

Melmiia, sp. 

Natiea ^adatii, VhiL 
Jiydrobiu, a, np. 

Bill valves, sevm'al sp. 

Fish-fc»calos. 

(hdena mid copper-ore* 

Whilnt the vanotiH mines and niineru.! deposilH 1 hnvt< i»KntTiiMrfl have 
coriain Bpecics in commoi^, it; may ho said that they have eiicfi wpeeinl |adm-' 
ontological featurcH of tludr own* 

In tho l<(d<l-Ih‘ad MiiioH orpfmiic rmniiitm are vi‘ry aliiindutd ni nhoiit 
450 foot irom tlio Hurliice, nimmgHt which are mniiy ForamiiiHeni, cdnelly 
of the gcriuB hmhdmt^ of whhdi them are mx specieH, and univalves /d* 
about iwclvo gemeru, the froHluvaier genera Vtdvtm mmmafrf, Moore, and 
Fkmrbis Mhutipmslsf Moore, being prosont, and aim? Enioinostraca of 
sewal new Hp»:*cit‘s* 

The Mlowiitdd alUnmgh not yielding a very long list of species, 

have their Bptu.ij.'al interest iu tim jircHence of tlie land ami freshwater 
gemmStoastnmalf di/tirohiai mul IHsidum; Involuliiut.min the Keld-llead 
mines, though nirely ; and a single seed of the FiemiwjUen Cam 

The richest samples irom this mine are at 00 and 4r?0 feet from the snrface. 

The GrassmgtfS| mines aro not only very rich in individnal ^spt'oimons, 
hut have yielded pho greatest number of speciog, amongst which* 


Encriniios. 

Leperdita Okeni, Mitmts 
Cythere pyrula, n. sp. 
— " nigreHcens* 

fakilina, J. K* 

Moorei, n. sp. 

Bcyrichia arciiata. 

subarcuala. 

— — ? ixnpreHsa, n. sp, 
Kirkbya plicata, n, sp. ~ 
coatata, M^Coy* 
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frosliwnter romaitis of Hijilrohtd^ Pfamrhh^ Valvithi^ nti4 nphni^^ 

BotoinoMtraea of at loant ton .H|KM‘ios, t’oinHifintH of Rjvoriil TariotioH^ and llnh-* 
reinaiua of tho i^onom IMaiwhm, Ot'othm, 

Tho AIhIoii. ininoM have ytohlod uhout l\Vf‘lv«* HpeoioH of uiiHalvon, lhoii|j'!i 
tlH‘y aro not in ^mocl condition : Koraniitiitora luv prohont* Init art* rar«% aral 
'lislt-roinainM of tlio 

Tho Wonrdalo nnin s, and jimo* of Alianltoad.s, an* «:ian|»:tradvrly not Hrlt, 
tin* voiii-Hltilf in tlnnu Ijoinit iinifh nHnor;dt;^i*d. ronndonf h oi'ojir in tin* fornior, 
Hnioniosh-nra raAbor ahnndaully in llio laH.or, and jiIno, tlna^^h mroly, Iho 
l^onuH ilipfrohl(L In 11u*so v<'in>, anti aKo al Al4«nu 1 havo di*ha*U‘il» for 
ilu* Hrst ti!in% lan*’o coliH of a. ffn'utninifi'ronH .sholl, for wldrli Mi% llratly 
HUj^<:?rHts tho jLi;‘n(*ri<' naim* rVr/M’/*/, 

In tla^ Wliito and Silvor Hand luinot roinaiiiH an* sianowhat rarriy flw- 
irlUnted, tho rialu^ht d»‘]>osij hoiti^ a iVialdo oidirooii-. Handsiuno, im llir ‘‘Hun*' 
aidooi‘ tha Hilvtn* Hafid Uid Min<% w lnolt ^ioldod !nan\ Npooino'ti^ oi‘ Uivh'nhln^ 
and one or two <d* Vah'^ift anumahu M \<‘ral gniora of Fura ntin if* *ra^ iiirlnd- 
in,t!; iiivuhifhiii and /Ai#/a/oo^ with FtntodonN and |M»rtiotH of totih tif 

The AltJuni-Tleasani niines of M‘fhi eontain hornn did fern, and jiIno tlio 
freshwuHT Upt/f^nhia, tliou,i»‘h rarely, and fNaiodontn ndlier nhtintlunfly ; Inti 
tUi'y are tsspeeially reinarhnide for the grcMii vaiiely of iWi-renniirm they 
yield, whieh jipjteju* lo re{»reHenf at hsmt ten dilferrait genem, llixed with 
the dowkn'' of tln^ anno an* tHTaMionully Hinall pieren of landiiateil Mtcnia, 
tho anrfaceH tif whieh exhildt tinineroUH tnirt's of ilah-HealeH. 

Tho rcsaeundies I have becnt Jimking liiive involved v<‘ry t»oftMidernhle labour 
and mimiie iuvesitgnlion; Inifc m th(»y will to «t>ine t‘xUait have openetl «p i% 
new tleld of inquiry, I hrqto they will mit ho without Home roHultH. Beforei 
e.oneluditig, I doairo to reft‘r to Hevowd of the more iniercHiing tadmoulologieui 
fiietrt whicli have hetm obtained. 

FlemimjlteH Oan’.- - Thewe are t.he alniosi mieromtopic Hporangim or 

Heodn of a ooniferona in'o of the FarhonUerouH ptfHod, width Imve lu'en 
dcwerihed and figured by niy frleiai ,Mr. (larruiherH iti the ‘ tieologit^id Maga- 
y.ine/ voL ii. p, 44Jh luy lirHl; aequaintanee wdth whieh warn by ilnding a 
single Hpeeimeu in the Fallowlteld Mine, bdbaved warn iifter by nindlter 
from the Hilver-Hund mines. It is reinarlvalde, wlnm u ley is onee obtained 
to the diseov(*ry of (Muluin organie, remains, how somi onr limmdedgo of tho 
class may iKniaoHMised. ,hi tlte inslaitee of tliese ntinulj* seeds, 1 Imve sinea 
found tliern abundanlly in the ( ‘arhonifemuH series of Stalfordsldre, and witlim 
the last few WHM*ks more abundantly still in the Foal UHamures of iCadstoek, 
HomerHetshin*. At this plaee thi*re is a lioti/amtid bed of somo thtcknew, 
inl<n’e}ila.tf*d with the ^MmUseams, wliieli appears I o lauihnoMt wholly composed 
of these little, organisms ; and, exiraordimiry as ii !i my seem, it h md far 
fr<mi tho tndh wlum I nay that I could supply spccimetm of thorn by tho 
tan weight! 

(hnwkuifs . — In many of ilui lists of fossils I have given, tlie proMcnct^ <»f 
tbcHO curious organisms may he H<a*n. Hitherto tiny have not hmm found 
by any one hut myself a.hovi* Lower Silurian roclvH/t hough no doubt they 
may hemudorth be detected in tin? st i-a tu of great; Ihtekness intervening be- 
tWism th(^ Ludlt>w lame-lnal and the <Wb< ad fen ms period fr<»m whence my 
speejmeus come. I have not only found ilnan in the Iciad^adja, hut also in 
strniiiied iK^ds of (Jarboniferotm Lijtm*Htonn nt AlmondHbury mjp Bristol. 

The sori(*H oi* thesa remarkable micro.scopm hodicH I havt^scovered yiold 
much greutor variety than any hitlmrto obtained, and utuwquoatly prw©nl 
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additional difficulty in detcrnnnin^? their affiuhioH. Iltey im generally cither 
lustrous or horny in their a]>peiintncts or dull, tiwu'ding to Uie matrix hi 
•which they arc found. My rolleethm <»f them ahords <yrtain we[|«.nmrked 
recurrent types, whicli ramhle a eertuiii amount of elassitioation tf» lie given 
to them ; and though, taking the group an a whn](% their forms are nhont an 
eccentric as ( 3 an h(3 imagined, they Mill d(» not appear puss one into 
iinothor. The Hirnjdest form is almost identuad in shape with that of a 
iuinut(3 (‘onieul tishdootJu N'ext comes another, not unlike the central cusp 
of a. hyhoid tooth, with infcu’ul Ihks.so.h at the base. Another group possesses 
an arclKsI inisfs tlie simplest form in which has an idevrtteii central curved 
tooth, with a smalhu^ projecting iootli on cither side. A second form iuin 
four elevated slightly eurviul tt*eth, %vith smalhu’ teeth at the sides and in 
tlic inters] )iutes, whilst a still umre eialKU’att^ otn* pt}S‘>iesst‘H a siiigh* elevatefi 
central curv(*d tooth, with alanit twelve* regularly arrang(»d, closi‘-H(*t smalh‘r 
ones on either side. A third group havi* th(*ir te(*th arrnngeti on an irr(‘guiar 
or waved base, the forms of whi(‘h are aliimst too i‘eeeiilric for descudptbu. 
In one ther(i are nine curved teeth, arranged Honu'whai syinmetrieully, gra- 
duating in heiglii to tlui centre, hut with a much larger fang nt om* end ; 
a a(^cond form has iiv<‘ tapering teeth, foihiwed liv four others, iinndi nuu’e 
depressed and (‘xtenth‘d heyemd tlu* huvse. One kind prewents a miutiduro 
re])reH<?nt{i.iioi]i of the Jaw id‘ Rhizoiius^ with large tet*ih widely Hopanitedi 
and in’<‘gnlarly dispersed small t(*e1h wdthiiu A numirkuhhj form possesses 
along enrveti tootli atone, end, throwingotf a Hemicireulur spur, whiOi imssen 
imtier a hawi-Iinc, on the top of winch iollow uum(‘rons snmll de]»ressed re- 
gular teeth, the m‘xi two hcimmiug mtteh <*l(*vuted, whilst tlu* lust is still 
more so, exteuding much beyond the basal end. Another scries, which has a 
lengthened straighter base-lim*, is ftirnisluMl in some instances with ser- 
rations m elose-sct and minute na nre the hrislh's on an insect's limhs. 
In the width, form, and curvature id* the iei‘th, thest* pr«*si'nt variims modi- 
fications. Although in the ahovo nlnwi diw-riptitius I luivi* by no means 
exhausted the variety they present, I shall only mdici* lu*n* umdher kind, 
which is the most abundant, and similar to one previouslyfournl in tlu* Imdlow 
bone-bed. This prasenis a acmiowhat ehih-shaped form, the thieker t*nd 
having in the centre a depression, hmindefl on tiui margin hy a raised edgi*, 
furniBhod “with very minute serrations, whii’h are unihul at alnmt tin* eeniro 
of the body, and are continu<*d beyond in a very thin slightly enrvetl luimlle, 
which is also furninbod with close comb-like teeth. A familiar illuHtratiou 


of this Oonodont would he that of an old-fashioiuHl rat-trap. Its base pos- 
Besses a sonnnvbat triangular hollow, indicating that it miglU. have been 
attached at this part i<i some soft Iwidy. 

TlieH(} {juriouH fossils wore first fmnd hy Pander, in Bilurhtn IhuIh in 
Eussia; and taut they belonged to and Wi^re the teeth of fish, 
ho created 18 gemlfu and 5(1 species, according to the forms th(*y prewuited. 
In almost every instance the Rpecimens I have found differ from ihost^ of 


W Suurian bods, and present much more diversity. Hoveral of the ItysHian 
were, lor the first time, noticed in the Ludlow hone-biHl hy l)r. 
who, in a paper in the ‘Geological Journal,' 1801, p. 54b, suggests 
be minute spines attached to the tail of a emstaemn, such as 


, t' 

^^aore recently been noticed by Professor Owen, in a note to 
Mtof ' Silniia,’ p. 644, in wHch ho also points out the improba- 
spied to fish. He then remarks that certain parte of 
fee pygidium or twl of minute Intancwtirtoa, teiwmble 
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in Rhapa tha mnm aimpio CbtuKlonla ; but that aia^iaat Ihia rim wm iha fitai 
that iia shells of HatomoRtracvi or othar arustaaaaim had rv««r \tvvn I'oiiiitl 
in tha ('onodont bads, and that it was improhabb tboraforo l!ial tliry nmhl 
hava ladiatgrd io aw orgatunin m awHaf'plibla of praarvatiow m lladr tiww 
Hubataiwan Alilwaigh I may iigroo wifli iha opiiium of FrotVjwor Owori^ tliiil 
thaao laalioH do wot holrntg to KrifomoHtraaa, I do ho for othor miHonn, Itt 
tlm tlrnt platu\ jilfloaigh bln roiwarka may apply to fho Hilnriaw C’oiitaloisla, 
hv in wrofig in Htipponing that tln‘y do not umtr in iho mwim Inatfi with 
HniomoHtrntJH ; for it huppoim that niont of my HpiTlmowH fmiw tlm Carboni- 
foroim Limosbmo tirv fmiml in Innh rrowdrd with KnlomoHiraeu, wlikli oecmr 
alno in tho load-voinH, IIioho two NOurtM*H having yiiddod inn ahimi 4t^ H|n’niifi, 
Th<! grf*at vari*‘ly my MorioH of CknmdoiilH prnmmtK in dooidmlly aguinHt rafnr- 
Hng tinnn to Kniomontrana ; ami what U, I think, Hitflkdontly nonrlwmvn k 
tho faoi that they am wnnally of gmxU^t nizo than tho nruHtawntiH, to whkh 
ihry wuMild thin hv atiachnL Tim vonchiHsoii to whirh ho arrivon rnH]a*<*U 
ing thoni in, that ihny wrro ninifnl to a pcTinhahlo hotly, nnti that 
thoy havo moat aimlogy with tim apitms, Imoklnta, tir tkiiiitdoH of nakrd 
MolhmkH and AnndidoH. TIoto h no dtmhi groat diflkmlty aitondiiig thrir 
idiuddation, and tho ahttvo vknv, though not, i think, ipiito «ati«fartory, 
appoarn an pinhahlo m any other that has boon iwlvaiiccsrl. Own fibjectioii to 
it in the varioly of fonim they fmmeut, and that wo have no eEisiing ana- 
lognos. To wliatevt'r they belonged, tho oreaturea yiedding thorn probably 
ptisaed away witli Palmossou* timim, m I have found no iraoci of thorn in my 
oxaminations of any lator dopoaits. It has always boon iny object, when 
soaking thorn in tho Carboniferous Limestone, to find tboir assoeiaiion with 
some other organised body* but in this I have always failed* They invari- 
ably oemir as separato dotaohod spooimons, and without any arrangement as 
regards ono another* 

Entmnmtnm * — ^Tho bividve crustacoa inoluded in this family, although 
not individually numerous, are present in nearly every vein I have exa- 
mined* They Iravo been in the hands of my fritnul ProfosNor Itupert 4one«, 
who has provisionally determined about 20 species from the vems, imdnding 
those of Charterhouse and Weston, the gn^ai majoniy of which are new. 
They include tho genera iirriVdm, Ikijfkhm^ Q/Mw, Citthfirlht^ Ktrklm^ 
and Mmrm^i the genus Oifthere alone having m many as H<‘venti*<m siHudes* 

Forammiferci.^OvLT knowhulgi^ of some of ihis very beiiuHful class of 
microzoa will be eonmderuhly extended by those I have been fortunate 
enough to obtain from the lc?ad-vein deiKwiis. This will espcTtally apply to 
tha genus Invahitim, whi<’h until lately was ehlelly known by a siiigto 
spades of L /bWm, Jones, sp., many HfieeimenH of which I have found in 
tha liasaio deposit in Charterhowm^ Mine, More recently M, Terquomk 
researches in the Lins of the north-west, of France have brought to light 
saveral new forniH htdonging to tim «anu* type, four of which, vk. /, po///- 
morpha^ L anpera^ i, sltimtf and /. all supposed to belong^ to the 

secondary ago, arc roprcHentcd in my gatherings from the Oarhoniferotm- 
limestono veins. My scries not only carries back the above secondary aptMuea 
to deposits of PalfjDozoic times, but aHsociatad with thorn are nine otlu^m, ho 
that under these peculiar conditions there are not loss than fourteen spooios of 
this hitherto little-known genus. Dentdim pmpMtu^ B’Orb, a now living 
species, which has boon traced back throxtgh Tertiary, Liassic, and Permian 
formations, not only in this series goes back to the Clarbonifonms Lime- 
stone, but I have also obtained it in the Weiilock shales, an evidence of a 
'delicaio miorosoopic shell having existed toough a long series of ages to our 

1800. 2 0 
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own times. Tho Tmoporm hvm, l\ t J., atmilmr rrccni will pro- 
bably bo added to tho list, ihongh it miuire.H more together 

with tho recent speeies Ttwtvhma Defrancis ami tho gonns Fmn* 

Urn. Tho cells of tho now gonuH Cnrfma have wince boon found Hoinowhnt 
abundantly on tho decoinposod cdgon of the (JurhoniforouH-limoHlHno rook <if 
Elfliills, Thus there are iweniy-om‘ speoioH of (Virhonlferou.H^limestiJue 
3%aminifora imexp{*(dodly making their np|W'nrntief'! fir ilie iirai time iu 
mineral veins, ihn’o of which havt‘. lived on to this day. 

hmai ((lid FirakwaUr the least, import ?tnt fact in my mine 

explorations has been the discovery of a Innd and freshwater fuumu 
Until 1 obtained tho three genera tif i/e/li*, fVrffgo, and with 

the freshwater genera FhmidiU and Vidmk, in the (hHrt<*rhouse 1^1 im*, 
the only known terrestrial shell bedow tho 8<K!ondary luds was the Pupa 
rntmtUi Daw*, found by Sir Charles l^ycll and Dr. Dawson in the Coal- 
moasuros of Nova Hcotia. To tho above genera T have now in add tin me of 
Hydrohia^ JStfmiomaf^ Llthxjhjph'm, and PkkVntm^hQxti tin* mines of the 
north of England, some of wdiich 1 have little doubt, an* older tlian tin* 
Ikpa wtmta of tlio coal-beds. There is thus the fut‘t. of the preHtmee of 
nine genera of land and freshwater shells in the Imid-viduK of this country. 

In addition to tho list of organic ronmins which follows, mnnkiring ahoni. 
112 spocics from the north of England and North-Wales mines, eight, 
which are not in common, have been obtained from Weston, and to thtwo 
again arc to be added in tho list previously giv(*n from Charterhouse, 
so that in true and workable mineral vedns 1 hav<‘ found 2td) spi^cies. In 
tho Carboniforons LimcBtoiU‘|of the Erome district iirecisidy similar plu*no- 
inena occur, though the fisHures are not worked. Tljcse lUuetie ami Liassic 
veins have yielded me nluait 70 Hpecu‘s, so that, iueluding tlu* distnelH 1 
have omimeraU*d, I have obtained from vidn-tiHsiires, with tlieir deposits of 
different ages, about 279 s^iecies of organic remuiuH, 

TJndor these peculiar eircuinstauces, 1 Imve diseovered the oldi*Hi knovrn 
Mammalia, tho oldest land and freshwater Molhmca, about fPi speck's of 
fish, and about 8 of lieptilia, besides tho ether groups to which referoneo 
has been made. 

The list of species from (Iharterhousc Mine previously given and tlmso 
from Weston are not imduded in the following list, Tla* H}KU‘i<^s of Forami- 
nifera marked ** iim/y ” are iiow^ to science, nnd descriptimm t^f them will bo 
found in Mr. H. B. Brady’s ‘‘Notes on the FunmiituhTa '' immedinioly 
following this Report-, m well as n prjivisionnl iiotiee of the new g<uma 
OaHerm, 
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Disoina ailkia^ P/iiI 

Lp|>(R»m^«p, 

liaguk, ftp. 

Produetuft, ap. 

Orthb, 8p. 

B}iypclion«lla, sp 

%irifera, 8p. 

Tiieddium r 

Mlania? 

Terebratuk bastata, IM. 

Bracbiopoda, ap. . , ! 

BivalYoa, fragmonta 

Area, ap 

Nucula, ap. 

Piaiditun, ap. 

Stoaatoma r, sp 

Ilydrobia 

Lithoglyphua 

Platiorliia Mondipoiiaia, Mtmrr 

Valvata atioumla, Maorf 

™ pygmffia, Motm, 

Buccinum imbricatam, 8(m\ 

Cirrus Biouyaii, Goidf* 

Bantalium luomatura, M*0>p 

Henobus Mubiguus, 

Lacuna aii%ua,^ 

Iioxonema brevis, M^Voy ......... 

MurcMsouia Ijarcombi, M^Oay . » . 

quadricarinata, M Coy. 

Hacroebeiks curvilineus, I%iL , . , 

caaaliculatu^ M^Coy ....... 

tricinctus, MOm 

Natica 

Plaurotomaria sulcata, PML 
— intoratnalia, IM, 

multicarinata, 

limbata, 

Tnwitolla, sp. 

Turbo, ap. 

Balloroubon, sp., young. 

Buomplhalua, sp 

Goniatitesjsp,. 

Oladodus, teeth 

. Oteaoptyebius, tootb 

i<WLus, teeth 


teeth 


teeth . , , . 
tooth. . . . 
be scales 


« 




€W fill: or mihkeai. veins. 


38i 


A* 0 im fm iJif Mmimhif/rm ttf Mhurn! Trm# ami the moment Himki. 

% ilKMir B, ilHAiiv, FJmM, 

The ** mim** mi llm FnrnniintlVni <»1itniitrd liy Mr. HiiirlrH 

in ItiH *ni ihi* liahrimlnhigy of itiiiirnii vmiiH nrr iiiTmiHiiriJy 

Wlimt Un rr haii l«*mi limi' iior 

for rloMr fho wHti tho of 

iMTioda iiiiiiM‘dia|j4\ |ir» r«'*hiij4 jmiiI hU»v« taiiiigilu* Ittin/.oii ai whkh thovviiis 
mfur. !lilhoilo tlio iMimiiuiiifi'iii ol Uii» CarhoiiilVrouH i»|iodi; low iiovor 
kooii w»ririii?»lr Nlndiod. fianly ffiim th* dillktiity of oblaiiun^ rork?* that tsm 
lio dimiiirgntlrii wilhfiiil injury to tin* tHU'nr/.ou, und |mrtiy frmii Ihi^ 
nlwnirity in wliioh thv I'nrly t\|n'h »n* iuvtfivnd, tnvinj< to tin* oliliivrutiuii ol* 
iminy of ihoir Hlrmiund iiiniiliarilirH. 

Urnkr itnw* rirniini4|ai«roa if, m not miriniHing that a |iro|wlk>ii of 
itio «|iorinimiM in ilio oolloilimi ro|»roi*riit not |tr<‘viotl^ly d<*Km*ilird* 

Exerpliiig tlowo In’kaigiiig lo Iho gmma fho FiiraininitVra aro 

miiitrkahlo furfhoir want of wolkdofiiiod rhnmrtorH /rntlHgintl and phymnd 
C5imm*« having nliko i-milrilaitod to ofwrtiro Ihr jii’riiliuritioa thoy may havo 
had whmi living. 

Tho Amimtirinm am rf*|iriwfil4*d liy OEantplra of two forina, tiami‘l}% a 
iingb «|wadi}iin idrntimil in roiitimr with Nt^marm mdiVa/a, liand, 
having widl-dvfuicd mihglulmiar vhiitnlH*m» and two or thna* atiolls having tha 
gonoral f’haraotma of ikntnlimi p^mpeetUa^ l>'C)rhigay%-'“» oylindricjal, alifhUy 
arcntik^ and infioriiig lo»i, with liltk or no mmirkiioti at ilia aapta. Th6 
roughonod and fmatiihly |iiiriiiilly smidy iavoitmmit which all th«o nfieaimena 
Iir<*Hcnt, ihrowK wmut difhcnlty in the’ way of placing thorn amot^aitho 
thmmmp 1 lini iiiaamnch m the dmthtfiilly arormccotia apjaniranco may be dno 
k) the atilimyHliiliinc atrnctiir© of the matrut on tho one aurfiico or the mine- 
rill infilt riiiioti of the ohiimhors on the other, whilat in all morphological re- 
lations their ch^acdora at© tmmplotely Hodoiarinn, seimrution from the group 
Bmmn scarcedv juBiifiablo. 

The Tm^hmrim in the eolJaciion arc very irregular in their growth, and 
by no meana oonatantly liimuiiiL They rcHcmhlc wime of the varieties of 
jf , Beft’anco, more than any oilier dcacrihcd apccica ; hut it may Iks 

neoaasary, or at iaa»t oonvonictik t« aanign adintinctivo mime to lhi» primi- 
tive and variable form. 

One or two obsouro shells, rcgard(*d originally m Thmporm iierk^ P» k J., 
arc more inrobably a new spocicn of invohitum^ having an itnalogoui aourva- 
lino mode of growth* 

Som# other minute and very ohaonro organisms in Mr. Mooro*« oolloetioa 
appar to bo young oEainplos of Fmnthm^ a gontm of ihrhonifmmm Fommi- 
tiifera wall known in its mature ocniditioii, 

A number of bodies of laigor slxo, Hlmpcii liko spharoi drawn out at two 
opposite portions of their periphery, and distinctljr arenwoom in their struo- 
tnre, have been regarded as joints of a gigantic mimh^ pending material for 
more complete examination. The produced ends appear te have been slander 
stoloniferous tubes ; and a number of the chambers may have bean joinmi 
topther, forming a moniliform test of some length*. 

But the most interesting poriioiii of the coUeotion consiste of the serioi of 
specimens of the genus Jnvolwriwa, wWoh place the relations of that type in 

* Since the exandnution of die ipecamens from mineral veins, the author lum karnl 
that the same fossil has been dkeovered in the Oarbonll^oui Bimestone of Korthum- 
* berland by Sir W. 0. Trevelyan, The anticipations above eatpressed are found in the 
main to be correct, but it has been thought neeessaiy to separate the organism fbom 
proper, and the new generic term Ommisk haa been employed for it, 
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an entirely new light. The Tarieiics of this gonns described by Tc^rqncm 
from specimens found in the Lius formation of the north- of Fnim‘(% 
comprised only a few outspread, discoidal, rotalian forms of fm<‘ly un'iinceons 
texture and variable septation — a scries, in point of fact, struct urully allied 
to Trocfiammma, but with some morjdiological reaemblnnct*. to iiutfdhh 

The modifications, both in structure and mode of gi'owtlu oxhibiiod in the 
forms about to bo described, place the type on a much (^xtiuuh'd buHiH ; and 
it will bo seen how largo a number of the simpler Foramiiiilbra have their 
analogues in the varieties of this polymorphic genus. 

So far from being, as hitherto supposed, an csstmtially LiaMMic. t,ypo, the 
genus fnvolutim has its fullest and most churucteristk? devt‘hjpincut in the 
Carboniferous period. 

Of already described species tho following have been found in nunornl 
veins and the adjacent stratified rooks: — 

Involutina Idassica, Jones, sp. Invohttlm mdom^ Tcrqttom. 

5, ipolymor^^ha, Terquem. „ mpem, Tennicm (?). 

„ silioea^ Torquom. 

In addition to these there are a largo number of forms not Imforo noticed, 
of which brief descriptions are now presented. Tho definition of their chn- 
ractors must be regarded as pmisional to some extent, and founded on Mr, 
Moore’s specimens. Tho elucidation of the type is as yet by no means ootn« 
pleto ; but, through tho kindness of Mr. Young of Cliisgow, Mr. i.eipner, and 
Mr.W. W. Stoddart of Bristol, materials for more extended obHtnvaliium have 
been placed at the author’s disposal, which will form tho buHis of a future 
memoir. 

Genus Im^onuriNA, Terquem. 


J, cylindnL% n. sp. Tost elongate, cylindiical, arcuate, tapering; septation 
imperfect. 

I. incerta, n. sp. Tost biconcave, helicoid, tho terminal portion leaving tho 

spire at an angle ; septation very obscure. 

L recta, n. sp. Test crozier-shaixjd ; earlier chambers arranged spirally, 
later ones in a single straight soriosj chambers somewimt ventrieose ; 
septa constricted and well defined. 

J, hhata, n. sp. Test lenticular, rotalian, lower stirfiico Rometlmtm cnnctive ; 

periphery rounded ; chambers vontricoso ; septa constriettHl. 

/, radiata, n, sp. Tost nautiloid, lenticular ; poriplu^ry sliarp, subr.nrinate ; 
cliambors long, narrow, often curved ; septal lines not conM rietetUmt 
m many cases marked by a radiato sutural limbathm. 

n.sp. Tost rotalian, turgid, subgloboHO; ehamhom mnmmm, 
rontneoso; tormnial chamber Gspocklly krgo and inllahnl 
L BiK Toni moquilatorol, comproased, of long curved 

charaherH, coiled irregularly on an oblujuoaxw; sopkiion indefinite!* 
terminal chamber investing one-half of the shell 
Z^drotunda, n. sp. T(!st subsphencfO, formed by tho aeervnllno growth 
of mmuto ehamborlcts on a central disk. ^ ' 

these, two other more obscure vanetics have boon mot with. 

I. ^hndmdes, hut has a tost of irnovon diamstw a&d 
; contour, suRgosbng m unooM spiral with rudimentary 

I. OTflcrfto, has a large oomplanata nautiloid test, the 
iftaitd by depressions, the septation very indistincta 



ON fHE EAINFALL IN THE EHITISII I.SUiS. 


383 


Report of ike Rainfall Committee for the year 1808-*(>9^ comkting of 
0. BEooEEjFJi.jS, [Chairman) GhkmmKf FJtS,^ Prof. Fit ilups, 
FJLK, ,L R Batkman, (IE., FM.8., IL W. Mvlne, (LE., FJtS., 
T* ilAWKHijn% (LE., Prof. Adams, FJtF, 0. Tomdinkon, FJt8., 
Prof* Sylvester, FJtS., and it. J. SvAtoNs, Serrelary. 


Tiik aitvDtiini of thi^ Riiinfall Cointnitioo has during tlu,^ |umt yt‘ar Ih‘ou 
largely tlt^voioil to various arruiig(unt»Dt.H and dot ails oalouluttal to Hooiiro iii- 
oroastal unifonuity and accuracy umongHt their ohsorvorR ; a very consider- 
aide imnilnn* of statiouH have boon visited during thi^ past- your by our Hecre- 
tary, and the observorR have hi»c*ii furtiujr instructed on any points in which 
tiioir practice was incorroci ; bosules which the following code of rules has 
been drawn up for their guidtmee* 

L Bite. — A rain-gatige Hluuild not he net on a slopes or tturace, hut on a 
level pi<‘ce of grouiui, nti a distariae from Rhruhs, trees, walls, and buildingH 
— at the very least., as inaiiy feet fi’om their base m tiuy are in height', I'jill- 
growing llowers, v<'g<‘tahli!H, and bushen musi Ihj kept away from t he. gauge. 
If a thoroughly ehjar sit* (‘.aiinot bc^ obtained^ HhelU*r is most nndurabht fnmi 
N, Wm N„ and K., less so from 8., K,hh,und W*,and not at all from 8, W. or N,H, 

11, dan (tAUfiEs.— Old (‘stablishisl gaugeB should not ho tmmMl nor their 
registraiiim dis<*ontinucd ludil at least two years after a new one has been 
in operation, fdherwise tlu< tsmtimiity of the registtT will be irreparably de- 
Htroyed, Both the (jhl and tin* liew ones must be registertMl at the same time, 

11 L Level*— -T he funnel of a rain-gauge inusi Im sot quite level, and so 
ftrmly fixed that it will remain wo in spite of any gale of wiiul or ordinary 
circumstanco* 

TV* Hemet,— T he fannel of gauges nowly placed should be 1 foot above 

grtisB. 

V. IltTST,— If tho funnel of a japanned gauge hecomos so oxidised as to 
retain the rain in its pores, or threatens to become rusty, it should have a 
coat of gas-tar or japan black. 

VC. Float Qauoes,— I f the measuring-rod is dtdnched fmm the tlorit, it 
should never be left in the gauge. If it is atijudiecl to the lloat, it slumld 
ho pegged or tied clown, and only allowed i,o rises t.o its ])ropiT position at the 
time of reading. To allow for the weight of the ilout luul rod, the«o gauges 
ar© generally so construct ed as to show 0 only wlnnt a sumU anunint of 
water is left in them, Cart^ must always bo taken to set the reni to tho sioro 
or 0, 

VIT* Can- and BoTrLM»(UuoEH. --Thi^ mensuring-glaHH Khould always bo 
held upright ; tho r(*adiiig is t<i he iaktm midway kiwoen the two appamit 
surfaces of tins water. 

VIIL TtME or liEAUiKu.* •'Nino a.u. dailyi if only taken monthly, then 
9 KM. on 1st. 

IX. Bate or Entry,— T he amount measured at 0 a.m. on any day in to 
be sat against t.hcs previous otia, hacausa the amount ragiitared at 0 a*»i. of, 
say, 17th contains the fall during 15 hours of tho IBth, and only B hours of 
the 17th. (TkiB rule, approi^ed of hy the Mdmrohgml BockCm of Emjlmul 
and Bmdand, oamiot he altered, ami is particularly com^nmied io thenoimof 
observers.) 

X. M<n>K OF Entry,— I f less than one-tenth (TO) has fallen, the cipher 
miist (dvmys ha prefixed ; thus, if tho measure k full up to the seventh llna, 
it must be entered as *07, that k, no inches, no tenths and mmn hundredths. 
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it \n wll la ivf 

VkK 


For the sake of clearao»«, it lias boon found necos^utT to lay down rm invn« 
riable rule that there shall iihva^^s be two %nrt‘H to tin* right of the ileeitnal 
point. If there be only one dgure, as in the (use of one-ttoitli of an iindt 
(usually written *1), a cipher nuist bo added, making it * lib N(^glrrt (tf iliin 
rule causes much incoaveiiienco. All eolumns should be (Mst up 
When there is no rain, a lin<» should be drawn railuT than ciphers in,H(‘rted* 

XI. Oaittion,— T he amcnuit* should idwajH Ix^ wiitien down hcfon* tin* 
water is thrown away. 

XI L <iuANTiT!KH. - The unit of in(‘HHnr(‘me«l heing MU, observers 

whose gauges are sutHcieiitly d(‘Iiejito to show h^ss than tlnd, are, if the 
nmounl. is under *005, to throw it away? if it is MHld to MHO imhtsive, they 
are to editor it as ‘01. 

XII L Every observer should train some one as an aHsistant ; Imf where 
this is not possible, instructioim should bo givmi thai- th(». gang** Mhonld 
emptied at 0 a.m. on the Lst of the month, and the water bottled, lalielled, 
and tightly corked, to await the ohsc^rver's roluru. 

XIY. Hkavv lUiKH. — When very heavy riiius occur, if. is doMiralde to 
measure immediately on their termination ; and it will found a mtv plan, 
after meusuring to return the w'aier t.o tlu^ gauges ho that the imbruing ri’gls* 
tration will not ])o interfered with. Of cotiiw^ if tlu*r(' is the sUghli'Mi ihniht 
ns to the gauge holding all that falls, it muHi ]m enipti(‘d, the amount biung, 
in accordance with Rule XL, pmwnHli/ smiim down. 

X\ . Sis'ow,— In snow thn^e methods may ho adopted 
them all (1) ^lelt what is caught in the funmd, and 
measure that as rain. (2) Stdiad a phic<^ wlnnv tin* snow 
has noil drifted, inyt'rt the inumd, and turning it round, 
lift and melt what is cnck),st‘(L (R) l^lfuisun* with ft rub 
the average depth of snow, and tal«t on(*4wt‘lfth rh the 
equivalent oi water, 8enie ehserviws usi* in snowy wtai* 
ther a cylinder of the same diameter m tlte rain-gntigtt, 
and of eomiderable deptlu If the wind is at all mugli 
all the snow is blown out of a iat-funnelled rain-gaugiu 

Ihc desirability of more accurate) information of the 
maximum fall of rain in the minimum time lias recsentlv 
been strongly Mi. It will be supplied by the use of the 
instrument shown in figure 1. Its principle is very sim- 
ple, oouHisting merely in the employment of a colketirig 
area about, twenty times that of the mimsurmg4uho ; an 
inch (d ruin is thoreforo expanded to a length tjf nearly 
2 Md., and the rising rain-water in the tulm minim m its 
surlaco a smaJl white glnss ball which rendeni ihe r<*ading 
of the gfiugt^ viHihhj from a oonsidorable distimoo i an 
overflow pipe is also pmuM, by which the mGmxmmmi 
IS continui'd up to 2 inchcH. 

(-■hfirii ywir 1«0« Mr. SymOTn road a short paper boforo 
the Mathomatical Soctiou of this Assooiation, at the New- 

•CMtite-apon-Tyno Mooting, wherein he briefly notified the 

*wa«oiation of the now well-known Caine rain-Muff* mu. 

& tile amount of rain ooUeoted at^oM 

r™*w i. a. k»j. .f tt. H, 
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Our Iasi Et^port coutained particulars uf tha remarkable accuracy ef ike whole 
of tlm iiiHtruminits ; iu the preaimt we give the aiuouuis coliocted by aU the 
gaugt*» in ilie magnitude nericH during the live years, an iinalyBiH thereof, and 
tlie< reftultH obtaini'd at (Juhie, and an intt^rini m Ihone indicaieti ui 
HtmthtkddTurgiH Rectory, Rending, to which, as expkincnl in our last RepoH, 
tins gang(‘s W(*re mnovetl in the Hpring of IHUS. 

Table I, <‘ouluinH the monthly umountH for t!i<^ whole ptudod, Table JL is 
an alwtruid of the name; Table HI. given the ratio of Um fail collcoted by 
eacii gaug(‘ to that colh!<jted by tlm gauge 12 inches in diumeti^r, Table 17.11 
Jill absiract of tin', Kuimj, 


Tabu: i.— (lastle Houhc, (hiine, Wilts; kt, 51*^ 27' X., long. P 51)' W. 


Magiuitulf< HericH 1 f»>ni ai'oued, 
Depth of Ikin eollivaHi, 



1 in. 

2 in. 

4 in. 
iprighti 

5 in, 

r> in. 

ti in. 

Hin. 

12 in. 

24 in, 

1 U iu. 

U) in. 

a ill, 
Hnnw* 


up- 

rigbt, 

up" 

right. 

np- 

riglil. 

with 

•flange. 


IT 

right. 

un- 

riRlit, 

un. 

right. 

»(|uart! 

ll!>- 

Fight. 

iV|Unro 

IT 

right. 

dim imi" 
tern 
U|)r%ht 


in. 

in. 

in. 

in, 

In. 

in. 

in. 

in. 

in, 

in. 

in. 

itiT 

AugUMt MM.. 

r 57 j 

a‘70b 

%‘ 8 i ;4 

4*761 

4*890 

4*866 

... 

4*941 

rm 

4*638 

rm 


Beptinnkr ... 

»'653 

%'8ii 

4*864 

rp % 

4*946 

*■940 

3 ' 5»9 

... 

rm 

4*913 

1*711 

rl$J 


October 


3*411 

mi 

rm 

3 ' 47 * 


3-540 

3709 

3*417 

nH 


Kovetnbcf 

rop 

1956 

a*iS 5 

4*198 

4*167 

4-450 

... 

4*194 

4*171 

4*118 

4-174 


DoMimber ... 

Vi 

1*017 

1*064 


1*139 

1*189 

1*167 

ri58 

1*148 

roi6 

1*139 


IRM. 

Jmiuu'; 

irS^? 

11*901 

J *‘393 

>»' 4*5 

14*600 

**774 

1*167 

11*764 

I 1-654 

11*700 

14*554 


•■*si 

rjSo 

1*640 

1*614 

i-esi 

1*674 

1-68S 

1-635 

j-6i9 

i' 54 » 

1*624 


February 

•988 

roja 

ro 93 

ro 93 

rno 

1*141 

1*143 

1*089 

1*083 

1*019 

1 ‘5)96 


March, MMMM 

a'306 

*‘453 

a' 54 S 

*‘533 

*'S 54 

4*449 

4*566 

4*474 

1-487 

1-398 

a* 4 g 3 


April 

my 

* 7 « 

1 * 77 * 


1*819 

1*813 

1-831 

|•8S^ 

r 83 i 

1793 

1*761 

,- 8<9 


roo8 

ro3i 

'.lit 

ric4 

riio 

rjo8 

1*119 

ro88 

1*074 

1*561 

r ©43 

1*084 


Jana ...mm,. 

vt %$ 

*475 

«' 4 »S 

r6ao 

i'6o8 

1*678 

i-f .73 

1*584 

1*500 

1*517; 

Jaly 

* 5^5 

*655 

■647 

■638 

•679 

•6t;3 

*66 1 

•648 

•«37 

-643 


AttgUWt .MM, 

'476 

* 55 » 

•634 

■653 

•6,7 

*694 

*671 

-C18 

‘619 

*604 

■ 5»3 


Bcpimtibar m. 

»‘ 40 S 

a* 46 s 

4*586 

4*609 

*•651 

4*700 

1 4*71 3 1 

1-583 

rm 

V 4 S 8 



Ociobar ..mm 

ft'oSi 

a'o6a 

4*117 

a*o8i 

4*133 

4 'U 6 

i 4*1761 

4 'n 6 

4*098 

4*104 

4*144 


Nnvambrr .m 

s *%5 

1*688 

1784 

1*767 

r8o6 

r 855 

1 r88ol 

1*834^ 

1*849 

<•785 



.M 

*•307 

i’4af 

4*461 

4*413 

»*S 47 

4*499 

4*580 

rm : 

35*534 

1 -S 7 I 

t’ 57 « 


im . 

Jammry ...m. 

iS'4S3 

19*087 

40*014 

*r 954 

40*465 

40*44 3|ao7 54 

10*054 

19*886 

•S’4!» 

19*901 


3**>3 

v%n 

3’435 

3*614 

3 * 59 * 

rC'l !' 5 i» 

3-416 

i 3*400 

3 -j 6 » 

3'397 


Fcbrairy .m 

rps 

4*768 

rm 

4*738 

4*907 

»-833 

4*901 

*'*39 

: 4*860 

4*863 

*873 

4*845 


Mai^ MM 

• 74 * 

'816 

*891 ' 

*857 

*893 

*903 

•936 

•870 

‘864 

‘*57 

‘647 

April 

py MM 

•ft 3 » 

*688 

•719 

735 

73 « 

740 

• 73 « 

7*4 

‘ *706 

700 

70s 

a *079 

4*164 

4 * 48 $ 

4*484 

4*317 

mi 

4*340 

4*446 

4*400 

4*413 

4*405 

4*191 

Jana 

1*400 

*‘530 

1*568 

*‘ 53 * 

*‘543 

<' 5 «| 

*'S 43 

1*546 

1*564 

** 5 S? 

1*553 

^aly 


4 * 75 * 

4*857 

4*871 

x’909 

rjfis 

4*946 

4*843 

4*844 

4*817 

4790 

4*944 

Aupit 

3*948 

3*997 

4*144 

4 *» 7 I 

4*185 

4 -i »9 

4‘»39 

4*114 

4*115 

4*080 

4*069 

47$7 

Scptambrr ... 

*055 

*io6 

•144 

•130 

’i*S 

*141 

753 

‘140 

■ m 

*118 

*113 

•I|8 

October 

rm 

S-jSo 

5 ‘ 4 S^ 

5-458 

rm 

r 375 

S ‘479 

5.443 

5*414 

nsr 

5*441 

rsSs 

Kowmber »*, 

3*073 

3 'o 87 

3*165 

3*409 

rm 

rm 

37 *» 

3734 

3*413 

379s 

3733 

3*186 

nss 

3 ' 34 f 

Beoember m. 


*■353 

i 4*354 

4*365 

4*540 

**443 

rm 

rm 

4*405 

»•«* 


: aS'oo;' ^8*877 a9‘703 

49*766 

30*167 

30*386 

30*414 

5*9754 

49*690 49*710 

49*611 
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I ! Mn. 

i 1*1. Ill* i 10 it). ‘ Hnnw* 

' ' KitimrCi. ««|«sirf . j 

I iiw j tn. I m. 

4‘ ii7w>, 1**5?* 


wm 


' ! 


1 

j 

i 

111, 



1 in< 

'4 »n. ! 

4 in, 1 

% Ul, 

wOh 

S in, 

! 




, 




HI. 

iiti j 



111 

m. ? 

!»!#!» . 

1 




n'm 

U/*" 

«r74j 

iHSi J 

: |K4«!' 

*9*^7! 

i- H 

xmu , 

1 

i.C4Mj 

ikSi^v . 1 

1 1 


I'K 1. 


t J iff* 



inr. 

tniHj 

^ U'?U, 

IVV\ 




1 

1 

*V # j 



l-’Sir 

. »-ai4^ 

«SA.«7 

Jn?*49i 

jiir^Xr 

1 .,1 

tir5«lA 

i 

tirHij 

n% r|7 


nM7 

|tn?*9t4; 

1 ... 
^twyi’IUrt 

j 

111*44! J 

.. 1 
nrsfi?^ 

tirw 

111*884 1 

Bfirtsr 

j 

i 

6*71/? 1 

fln47 

j 

1 f^rm 


,ux7v* 
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Taiiij I?,--Caall 0 ItoiiiG, Calao, Wilts j kt. r»l® 2? N., P Tiil' W* 


Magnitudo Htpips 1 footalxiva gruuml 
Iktio ot ih» amouuta iMtUoctiHl, 



lin. 

2 in. 


5 in. 

fi in. 
wiili 
Unngp. 

0 in. 

B in. 

12 in. 

24 in. 

fi in. 

in in. 
nquars. 


1 

mi. 














AHgtlil M.M, 

81 - 

93 

9 « 

95 

99 

98 


1^ 

1004* 

90 

99 


11 

iipWbdt* ... 

fi- 

95 

97 

99 

‘*^2 

1004* 


1 11 

99 

p 

97 


9 

Ombf 


96 

9 l 

9 » 

9S 

100 4 “ 



99 

91- 

9 * 


9 

Mofwlifif ... 

h 


9 ^ 

3 E 00 

99 

1034 


&T 

99 

97 



J 4 

M, 

84 *- 

si 

9 » 

91 

9 » 

1034- 

101 

II 

99 

is 

98 


*9 

im, 
















97 

99 

99 

toi 

101 



99 

94 - 

99 


; 9 

Wmm ,M 

n- 

93 

100 

100 

lOS 

1054- 

B ; M 


99 

: 95 

i 101 


«4 


96- 

99 

103 

loa 

103 

99 


•Tii Frt 

1 100 

i 9 f 

100 


8 

Apidl 

95 - 

97 

9 » 

99 

99 

100 

B , II 

11 

98 

9 ^ 

99 


6 

llfty 

p- 

95 

lOX 

JOX 

loa 

IQl 

; g 

Eil 

98 

96 



10 

luns ......... 

I4-- 


103 

10a ^ 

101 

1064* 

B \ [| 

ill 

99 

95 

9 <> 


aa 

July ......... 

7a «• 

k 

99 

9 f 

97 

; 

IOS+ 

R 

40 % 

98 

97 

97 


33 

August 

77 - 

89 

103 

J06 

*03 

iii-f 

109 

§« 

100 

97 ’ 

94 


35 

Siptoto ... 

93 - 

95 

too 

!OI 

!03 

105+ 

105+ 

g 2 

98 

96 

9* 


i% 


9! 

97 - 

tm 

9 f 

808 

100 

J 03 + 


99 

99 

100 


i 

Mof®iufe©if i«. 

93 

9a- 

97 

96 

99 

xox 

>03+ 

ECrl 

ICO i 

97 ^ 

99 


fi 

DiOimbsr ... 

91- 

95 

97 

95 

100 

99 

toi4' 


100 ; 

ioi 4 * 

10 * 4 * 


10 













Tablk IV. ( cmtimed ). 


Magnitude Series 1 foot above ground. 
Ratio of the amounts collected. 



1 in. 

2 in. 

4 in. 

5 in. 

5 in. 
with 
Qange. 

6 in, 

8 in. 

12 in. 

24 in. 

r> in. 
stpiuro 

10 in. 
Hipiare 

1 fiia. 
Hm»W‘ 
(injj jmt 

1 it'fH 
jappight 

! . 

. 0 

St 

1865 . 













j' 

January 

9 ^- 

95 

JOI 

106+ 

105 

102 

104 


100 

101 

IOO 


I15 

February ... 

96-- 

98 

96- 

96- 

102-1- 

100 

102+ 


Id 

101 

100 


i 

March 

85- 

94 

102 

99 

103 

104 

108+ 

8 

99 

100 

98 



April 

S8- 

96 

lOI 

103 

JO3 

104+ 

103 

•S 

99 

98 

99 

P 

tb 

May 

n - 

97 

103 

103 

104-h 

104-f 

104+ 

ri 3 ( 

99 

iOO 

99 

99 

It 

Juno 

91- 

99 

101+ 

99 

100 

loi-l- 

101+ 


99 

101 + 

101 + 

101 + 

10 



93- 

97 

JOI 

102 

103 

105-1- 

104 

€ 

c 

101 

loo 

99 

104 

12 

August 

96- 

97 

100 

Id 

102 

103 

103 

1 

100 

99 

99 

104+ 

H 

September ... 

46^ 

88 

J 02 

108 

104 

118 

127 


96 

98 

94 

132+ 

m 

October 

98 

98 

100 

97 * 

100 

99 

101 

■s 

99 

100 

IOO 

103+ 

b 

November ... 

96-- 

96- 

98 

100 

99 

103 

98 

S 3 

99 

98 

99 

104+ 

8 

December ... 

94- 

97 

96 

97 

97 

103 

100 

s. 

101 

99 

101 

1054 

11 

1866 , 














January 

89- 

100 

103 

99 

104 

105 

107+ 

3 

103 

100 

101 

105 

18 

February 

91- 

97 

lOI 

98. 

100 

103 

103 

i ■ 

102 

98 

99 

104+ 

*1 

March 

88- 

91 

96 

96 

100 

98 

100 

JSg 

98 

96 

97 

J03+ 

*5 

April 

89- 

95 

lOl 

103 

104+ 

105 

104+ 

W 1H 

9 S II 

99 

99 

y8 

i «3 


May 

9a- 

94 

102 

104 

104 

1094- 

los 

A il 

d 

100 

98 

97 

103 

*7 

Juno 

96- 

07 

102 

102 

103 

104 

105+ 

l>s 

99 

IOO 

97 

103 * 

9 

July 

90- 

96 

104 

105 

io6 

108 

109 + 

li 

10 1 

ICO 

97 

: 104 1 

1*9 

August M.... 

88- 

94 

103 

104 

104 

106 

108+ 


Id 

98 

yb 

' IOC ! 


Scpteuiber ... 

96- 

97 

101 

100 

Id 

102 + 

102+ 

3 

100 

98 

9 « 

102 'f'j 6 

October 

96- 

97 

100 

101 

lOI 

101 

102 

.S 

10 r 

99 

99 

104+j 8 

November ... 

96 

95 

95 

90- 

99 

103 

104 


100 

yS 

99 

105+115 

December ... 
1867 . 

97 

93 * 

95 

97 

98 

104+ 

203 

1 

a 

101 

96 

tot 

104+jn 

January ,..,m 

9a- 

98 

99 

95 

104 

100 

103 

1 

110+ 

99 

m 

>(» 

iH 

February 

99 

98 

98 


103 -f 

95 

100 

i 

102 

95 

99 


March 

74 * 

H 

95 

98 

98 

95 

96 

1 

104 

Ha 

204 

90 



97 * 

98 

lOI 

98 

103+ 

101 

«63 + 

1 

101 

9 « 

98 

IPI 

b 

May 

lOl 

99 

103 

103 

104 

106+ 

>05 

§ 

102 

99 

96- 

101 

10 

June 

94 

m 

103 

101 

104-1- 

104+ 

104+ 

% 

101 

97 

91 - 

10| 

11 

July 

■94* 

XQl 

1 ro2 

102 

104+ 

103 

104+ 


100 

97 

yb 

lot 

to 

August 

n 

IQZ 

1 102 

104+ 

104+ 

103 

203 

! 

99 

97 ' 

« 95 - 

104+ 

9 

September ... 

98 

98 

lOI 

101 

102 

102 

J03+ 


200 

95 

93 

tot 

to 

October 

93 

99 

! 99 

100 

100 

100 

102 + 

w . 

100 

yl 

yb •*“ 

KOI , 

5 

November 

96 

94 * 

: 95 

102+ 

101 

102+ 

lot 


98 

99 

98 

toi+ 

t 

Do(i0mber ... 

94- 

100 

97 

95 

101 + 

98 

too 


100 

99 

9* , 

$9 

f 















Mean ....wj 

9*'4 

SS'*! 

997 

99*6 

101*5 

ioi'6 

io3'6 

tOO‘0 

100*0 

97 '* 

9»'3 


14 
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Table Turgis Eoctoiy, VincMeld, Hants ; lat. 5P 20' H., long. P 3' W. 





Magnitude Series 1 foot above ground. 
Ratio of tho amounts collected. 







1 in. 

2 m. 

4 m. 

6 in. 

5 in, 
with 
flange. 

Gin. 

Bin. 

12 in. 

24 in. 

5 in. 
square. 

10 in. 
square. 

B in. 
with 
flange. 

1 

A 

% 

90- 

98 

103 

96 

JOO 

9/i 

101 

*1 

1064* 

94 

94 

102 

j6 

Ami 

too 

100 

101 

100 

lOI 

100 

102 


1034- 

99 

98- 

103+ 

5 

May 

June 

91- 

96 

100 

100 

lOZ 

102 

99 


1044- 

98 

97 

102 

n 

loa 

99 - 

loa 

101 

104.4- 

lOI 

99 - 

tH 

lOZ 

101 

100 

102 

1 5 

Joly ; 

108 4- 

106 

ZOl 

99- 

101 

99- 

101 

99- 

101 

99 - 

103 4 

9 

AUgURt ...... 

9^ 

97- 

100 

99 

99 

100 

100 

0 

1014-1 

100 

97 - 

^ 101 

4 

8<^ptamber A 

98- 

100 

100 

99 

100 

101 

100 

1 

1044. 

98-. 

100 

101 

6 

October 

97 

9 ^- 

100 

98 

100 

100 

100 


lOI-j- 

98 

98 

101 4 

5 

November ... 

98- 

99 

xoz 

99 

loa 

JOO 

103 

fl 

S 

105+ 

100 

102 


7 

Deeembop ... 

93- 

96 

JOO 

99 

lOI 

100 

I0> 


1024- 

98 

98 

lot 

9 


prs 

9*‘5 

100*5 

987^ 

lOO'S 

100*3 

100*4 ! 

... 

102*5 

98*8 i 

« 1 . J 

98*6 

1017 

8 
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Magnitude Series 1 foot above ground. 










Sin. 

widi 







Sin. 


1 in. 

sin. 

4 in. 

Sin. 

6 in. 

Sin. 

lain. 

84 in. 

S in. 

10 in. 

Snow- 




0ango. 





nquiirc. 

tntuarc. 

pittcrn 


in. 

in. 

in, 

In. 

in.'^ 

in. 

in. 

in* 

in. " 

in. 

in. 

in. 

Fixtof 1863.. 

90*6 

m 

97*1 

m 

98-8 

100*0 

** 

i 

99-1 

9*7 

98*5 


1864.. 

9»’a 


997 

99*5 

100* I 

101*8 

io?*4 

99*1 

96-9 

99*4 


1863.. 

94‘J 

97*1 

lOO'O 

100*1 

101*4 

101*2 

101*1 


w* 

997 

991 


1866.. 

9*7 

95*6 

100*1 

99*6 

101*4 

103*4 

104'0 

II 

1 

ioo ’4 

981 

98*5 

ioj*7 

186;.. 

91*8 

98*6 

98*8 

967 

104*6 

100*6 

loro 

101*9 

9S‘8 


99*8 

188a-.67 

9r* 

9<5'f 

997 

99‘J 

101*4 

101*9 


.. 

100*4 

m 

5I7 


18644; 

m 

96*8 

lOO'O 

994 

1017 

101‘I 

ini'9 

.. 

1«30‘5 

97*9 : 

9I7 

1 " 

J8664; 

m 

97'J 

lOO’O 

99*1 

102*1 

1 

102*1 

lori 

*• 

101*1 

i 

W1 

9*7 

iot'9 



Abstradi. - 

Straihfleld Turgl«, Wmehfleld, Hants. 




M of 1808. j 

m 1 

98*5 

100*5 

9*7 

100*6 

lOO’l 

100*4 

•• 

01*5 

98*8 1 

986 j 



From those Tables it appears : — 

(1) That the variation in this ratio for the same gauge in different months 
is often greater than that between different gauges in the same month. 

(2) That (excluding the gauge 1 inch in diameter, which everywhere coU 
loets less pro rata than any other) the gauges while at Caine only Offered 



5*8 per cent., the largest qnantity being recorded by tbose gauges vhicli were 
most easily managed, viz. those 5, 6, and 8 inches in diameter. 

(3) That at StratMcM Turgis the agreement has been still closer, all but 
the 1 inch and the 24 inch agreeing within 1*5 per cent. 

This last result might partly have been anticipat(‘d from two causes, — 
(a) Colonel Ward’s health appears to have compelled him frequently to em- 
ploy a substitute, and (h) Mr, Griffith commenced with the preliminary dif- 
ficulties removed, and information as to possible sources of inaeeiiraey which 
previous experimentalists had had to discover by coniinuoUH obs^srvalitm. 

Considering tlie absence of any trustworthy published obstTOitimis upon 
the subject until those under notice were commcinct'-d, the hmgt hy nrtieli's 
published upon it in some of the scientific jouraids, and the almost univi'tsal 
ignorance upon it which recently prevailed, it is hynonu'auH an unimportant 
matter to have brought to a definite issxio. Moreover, considming the various 
sizes of the gauges used simultaneously in difibrciit parts of the count r}% it* 
is especially satisfactory to find that, instead of having, us was anticipated, a 
correction to apply to the observed values, when measured by a gmige of any 
but a standard size, to convert them into the equivalent indications tjf that 
standard size, no such correction is necessary ; for all the most usual sizes, 
5, 6, 8, and 12 inches diameter, agree within 1 1 per cent. 

It seems probable that the small quantity registered by the 1-inch gauge 
is solely duo to the great difficulty of emptying the last drop— by no means 
an unimportant matter with so diminutive a gauge, for a single grain weight 
of water corresponds to 0*008 inch, or nearly one ton of water per aen*. 
The excess collected by the gauge 24 inches in diameter is probably ex- 
plained by the infliiouce of th(^ large mass of mtdal of which it- is emujioHed \ 
for after nightiS of heavy dew it generally contains more than any other, and 
this would naturally result from its great.(ir radial ing-power. 

Some slight alterations were made at Strathfic^ld Tur- 2, 

gis, on January 1, 1809; and with their conclusion on 
January 1, 1870, the investigation there of tho questwm 
of the Influonce of magnitude will probably bo termi- 
nated. 

Tho results of tho examination of rain-gauges during 
tho year are given in exactly the same form as in the 
last Eoport, and we are not aware that they call for any 
comment beyond referring, for explanation, to our 
for 1807, p. 460, and the plate thoro given. Gauge 
No. 278 being unlike any of those previously engraved, 
wo add tho annexed sketch, fig. 2. A is a funnel 4 inehos 
in diameter, B a dividod ghiss tube into which the rnin 
passes. F a stout post, the upper part of which is Iml- 
lowed out at 0, half tho outer portion, 1), being hinged 
to afford acoesa to tho glass ; E is a pad to keep Jl chme 
up to A. 

It will bo noticed that tho errors of some of the 
higor float gauges are not given in detail, tho testing 
apl^^aB not being adapted to them. 

y^||beon tho practice of the Commit-tee in thc^ir 
tarim^^pts to adopt, for convonionco of oomparison, 
a deconli«;'-|g 0 uping of returns, such as 1840-49, 

We are now on the eve of completing 
one of1ii«^de«ptoial periods, and it behoves us there- 
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fore to consider how wo may best secure for the eusniiig period the attainment 
of the objects for which wo wore originally appointed. Ouo of those is ex- 
pressed in the first grant in tho following words : — For the pujposo of 
constructing and transmitting rain-gauges to districts where obseryations arc 
not at present made.’^ 

Even to those least acquainted mth tho subject, it will bo appax'ont how 
mu(3li more desirable, as well as easy, it is to compare simnltanecms obser- 
vations than those wherein boili tho o])serYod values tmd their times 
fire (Hfibrent. Your Committee have theredbre fell, it to be their duty to 
examine how far ihc existing vsiaiions adequately iTpresent tho true rainfall 
of the liriiish Isles. Tho rosuli shows ihid. their numb(‘r and distribution, 
Though incomjiarahly superior to that which existed whem your Coxnmitteo 
were appointed some years since, is still capable of great improvement ; 
tracts of land tho rainfall of which as water-supply for towns is of high im- 
portance are without adequate observations, while other places arc, if pos- 
sible, too well provided. 

To take Devonshire as an example ; excepting two gauges at the Convict 
Prison, one on the northern edge at Chagford, and one on the south at Lee 
Moor Clay Works, Dartmoor (that w^ottest of Devonshire districts) has no re- 
presentative, Exmoor has none at all, and there is no gauge hehveen Torquay 
and Plymouth. On tho other hand, Bidniouth has four or five observers, and 
Exeter an equal number. 

Similar casen of unequal representation occur in various paiis, and should 
bo removed. The Tyneside Nat.uraliHts’ Oluli ar<i about to establish a smies 
of gauges along the Cheviots, the Cardifl’ NatAiralists’ Bociety ate doing the 
same in South Wales, and other instances could be quoted. 

Wo have already shown that there is a special renmon for endeavouring t/> 
equalize tho ropresontaiion during the ensuing autumn, so that, tho nt^w 
observers whom we hope to obtain may have a few months’ practice beforti 
the commoneemont of the decennial period 1870-79. 

Wo hope that tho landed proprietors of Creat Dritain and Ireland mv be- 
coming sutBciontly aware of tho importance of rainfall attitistics in engineer- 
ing and draining operations to see their own advantage in helping us by 
having obscrvatiojis regularly made by (!ar<‘ful persona under their own 
st'iperviMioii. There are, however, sonu^ (liatridH for which your CVimmiii.(»e 
will have not only to provide the iuHtrumenis hut also to pay some small 
fee to the observers. To nuud this sptadal charge wo have to ask for a special 
grant, in addition to th(3 small ordinary one rcapdred for current expenses in 
tho examination of gauges and other kindred mutters. 



EXAMINATION OF 


!Reference 

number. 

Date of 
examination. 

OOOTTt. 

Station. 

OWNEH. 

Observer, 

g . 

f 1“ 
II 

0 0 

Q 

Maker's name. 

£ 

Height of 

1 !!»<««■ 

264. 

1868. 
Sept. 4, 

NOK.'FOOC. 

Thorpe Ilamlct Parjionngo, Norwich. 
MnS. COOKE, 

Mrs, Cmke, 

XT 

Negrefcti&JIamhm 

9 ft.m. 

n. in, 

1 0 

firt 

31 

265. 


NORFOLK. 

III 

Caftella 


1 0 



Thorpe, Norwich. 

W. NMBECK, ESQ, 

W, Bifkheck %. 




* 37 

266. 

Sepfc. 4. 

NORFOLK. 

XII 

Casolla ............ 

ioa.m. 


n| 

St, Catherine’s Close, Norwich, 
a EVAm, ESQ. 

C. Evans, Es^. 



267. 

Sopt. 5. 

NORFOLK. 

East Dcroliam. 

G. H. COOPER, ESQ. 

Q. H, Cmper, Esg, 

X 

Negretti & Zambra 

week- 

ly- 

* 3 

x6i 

268. 

Sopt, 5- 

NORFOLK. 

nr 

Knight 


0 9 

88 I 

i 


Honinclmni. 

Tim LADY BAYmNU. 

The Ladij Bapiing. 


9 a,nb 

269. 

Sept. 7. 

NORFOLK. 

Mattislmll Vioamge. 
TBEBEY.J.M.DDimZ 
ThBte.J,M.DuBerU 

X 

Nt>gretti<SiZttmbra 

pa.m. 

» 3 

165 

270, 

Sept. 7. 

i 

NORFOLK. 

Hookering. 

TEE mV. M, J, ANDEBSOE 
The Rev. M, Z Andmon. 

X 

i 

N^retti^^mbm 

9 ft.m. 

* 3 

140 

271, 

Sept. 8. 

SUFFOLK. 

OMehatn, liOwestoHi, 
TBEREV.EJODREtL 

The Rev, H, ZodnU, 

III 

Caaella 


* 3 

36 

272. 

Sept, ti. 

SUFFOLK. 

Carlton Colville, Lowestoft. 

(L Kim ARDS, ESQ, 

G, Edwards, Ksq. 

X 

NegrettiA tolira 

fttoriih- 

ly. 

0 1 

ft 

473* 

Sept. 12. 

NORFOLK. 

Geldeston, BeccleR. 

M, T, DOWSOE ESQ, 

E, T, Dmmn^ Esq. 

xn 

Casella 


1 1 

P 

274. 

Sept. 14. 

SUFFOLK. 

Somerleyton Hall, Lowestoft. 

Sm F. OROSBLEZ BART, 

X 

Negrettia:l^imbrii 

7 a.m. 

1 « 

fto 


ON THE HAINEALL IN THE BEITISH ISLES. 


393 


RATF-GAUGES (conihuml f mm hat llej>ort)* 


? rH S' 

Equivalents of 

Error u(. 

Azimuth and an- 


II' 

A *S 5 P 
1^1 3 

waloi*. 

sealo-point 

specijircliii 

gular olevation of 
ohjeols above 

Kemarlca on position &o. 

fi ^ ^ P! 




.S'^l II 
^ !51 

Scnlc* 

Itoiiit 

0 rains. 

previous 

(n)linnn. 

moutli of raiu- 
gaugc. 

fl 

W 

ill. 

ill. 


in. 




yoi 

‘1 

500 

— *001 

E. irouse-lO®. 

On lawn, slo]Mng slightly to W.^ 

264. 

5*00 

*2 

1000 

— *002 


good position. 


5*00 

*3 

1500 

-“*003 





■4 

1980 

+ *001 




M J'OOO 

*5 

2480 

cori'iH'l.. 




S ^02 

‘I 

504 

—‘ooa 

B.«.W. Firiio^ 

On crest of hill, sinning gently to 

265. 

4 .yS 

•a 

J020 

— ‘006 


the Varo in S. 


5*00 

•3 

1510 

— •005 




„ S'oo 

■4 

2020 

— ‘007 




M 5*000 

•5 

2520 

— *008 




5*00 

*01 

SO 

corruet. 

«.W. aVec2r»'^. 

On dwarf post, on large lawn. 

266. 

5*00 

‘10 

500 

— *001 




4-98 

•ao 

1000 

— •002 




yoi 

•30 

1490 

— ’001 




M 4*998 

•40 

•50 

1980 

2480 

— *001 


On slight mound on lawn ; ground 
level. < Mm ' rvtT absent and men- 


8*oa 


N.E, 

267. 

7*98 





8*00 





Huring-gln.sH not aert'Sfiible. 


8*ott 







M 8*005 







5*00 

*i 

495 

(‘omu'l, 

N.W. of 

On edge of flower-hed ; ground 

z 6 l 

5*00 

•a 

990 

eoriH’cl. 

House bi\\ 

level. 


5*00 

•3 

1520 

— ’007 




5*00 

.4 

2020 

— *007 




M 5*000 

*5 

2520 

"^*008 




. 7*98 

•01 

80 

+•‘004 

F. Tm‘8‘ir>'’. 

! Jn Idlehen garden, somewhat shel- 

269. 

8*oa 

*1 

1260 

+•*001 

S.K. „ 45'’. 

tered ; griinnd level. 

8’oa 

*2 

2550 

4**001 

fS.W. „ 2.V‘. 



„ 7'9» 

•3 

3*^30 

4”‘003 




M Sooo 

*4* 

503^ 

"|-’oo4 


On lawn, surroundt'd )»y trees In 


8*00 

•Oi I 

127 

oorruvt. 

N. avi-esniF, 

270. 

7*98 

‘X ; 

I25'D 

4 *00 1 

N.E. „ m\ 

he moved to aiHtiher position 


8*00 

*a 

2560 

—*002 

I']. „ (»(V\ 

whert» notliing will rise .’itr’ 


8*00 

'3 

3S2O 

— *on t 

S.W. „ 40’. 

aliove gauge eKct'pt niu' tree in 


M 7*995 

*4 

5050 

4 ’< »^2 

N.E, Trees ■lit *. 

In titehen garden, nnd mthoi* 


5*00 

•1 

500 

— *001 

271* 


*a 

1050 

— *f)J2 j 

SAV. 22 \ j 

shi'llereih 


5*00 

*3 

1520 

— '<mj 

N.W. „ -10’. 



Vyo 

*4 

2030 

"•“*012 




M 4*997 
8*00 

‘5 : 

*l 

2510 

1410 

- “ ‘onO 
'au6 

1 1 

HAV. Hosodawh 

(tpeii posit ion, esropt ns noted ; 

zp* 

7*96 

*a 

255'> 

' 'OtH 

; 50 '’. 

ground leu'l.andastioietl inolher 


H‘i*t ; 

*3 

39x0 

'• ‘any 

1 

eolnmns; gmigo only d ft, above 



•4 1 

5050 

4’nox 

1 

mean semlevel, ^ nttd tlieretoro 
only 5 ft. nhove Iiigli-wntermiirk, 


M 7*9ya 

‘5 ^ 

(n 3 » 

(•orrt'ut. 

> 


5*00 

-01 

150 

aurrurt. 


Very gootl open position in U*r- 

m* 

5*00 

*10 

500. 

— *001 

i 

meud garihm. 


5*00 

ao 

xotjo 

‘002 




4*99 

*30 

1490 

— ’001 




4 - 9!)8 

*40 

1980 

rori’cui,. 




8*00 

*50 

* X 

2480 

1 IIOO 

•^'001 

—*002 


Gnuge fl3£(‘d on n stool in eentroof 
largo lawn ; quit«^ upon. 

274, 

•a 


-*oox 


8*00 

•3 ^ 

3S50 

5080 

— ’003 




7*9!^ 

■4 

correoi 




M 8*003 

'5 

6310 

4 -*oo 3 





i .. 1 ... : I 

ism. 2 1 > 
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KEPORT — 1809. 


EXAMIX.VTHW 01'' 


% § 
p 5 

Date of 
examination. 

oovfrY, 

station. 

OJVM^nt 

Oijsrf'trr, 

V si 

0 ;aa 
u J? 

1r 

0 0 

0 

Malvi’dH naino. 

<*>* , *, 

'■5 

H 

Hoiu 

gun 

AUou- 

ht of 

If'M’l. 

a 7 S- 

im. 
Sept. 14. 

StlKFOLIC. 

Sonii>rl(*vton KV-otoey, Lowosloft. 

Tm: a .l HimAiUK 

The. UeiK C\ J. ISfnvmL 

Ilf 

Cary 

9iun. 

if in. 
T 

ini, 

5 h 

276. 

Sopt. 14. 

STJFFOLIC. 

Ilopton Jlall, Lowehioft. 

a cmr, e 8 (i 

X 

Nrgpotti & 5 <amhru 


.1 

47 

477. 

Sept. 15. 

SUFFOLK. 

Ado, Yarmouth. 

TimiiEV. iL ip: /amroK 

The Jici\ li, fP^, Kmuiitm. 

X 

Negrdti & i^amlirn 



0 7 

40 

278. 

Sopt. 16. 

NORFOFiK. 

Sou 

Sawyi'i* 

9 a.m. 

« 3 

u 

liiuiliain. 

TIfy 7 iEK K (i/fjjar, 

'The Hee. Ji (iUletf. 

Fig. 
p. JitK) 




279. 

Sopi. 17. 

NORFOLK. 

Filliy, ^Vnioutli. 

Mh\ (L ('mr. 

Mr. (r\ TrisjK 

XT 


9 aan. 

a 

tl 

ftSo. 

Oot 27. 

KAMPsirniR. 

i 

xn 

! Candla ............ 

9 11, lU, 

1 0 

109 



StrathfioldTwgiHHcofory.Winchfiokl 

0 . J. BYMPm, ESIQ. 

The lkv> V* 11 (irijith. 





281. 

1 

Oot 27. 

HAMTSrnBR. 

StrathMdTurginlhietory.Winchfldd. 
a. J. SmOAW EHQ, 

The Rev, a IT aHpL 

in 

Brywm 

9«.m. 

1 p 

8o<; 

282, 

Sov. a. 

NOTTtNQHAM. 

Hkdifield Ooune, Noiiindmm. 

a; J. LOWE, EJLtP. 

' X 

I 

Negh'lti tV J^iuiihra 

.lutt.m 

915 0 


283. 

1869. 
Mot. 27. 

liAMrsnrHio. 

Wolo iSj hH'f , 1 inHiiafduko, 

T. *s'/rA;AV 7 AfL tmi 

T. Emr/iut/f AAt/. 

XT! 

Appw 

^n.nt, 

1 0 

»«s 

28^ 

Mot. 27. 

irAMPSlIIHR. 

RttHtInn<lM, HnHiiiuKfoko. 

Q. mmm.% erq. 

(r. Bk^^hen^i 

nr 

Wheoiur..*, 

I 

9 mn, 

I P 

|00 

4*5^ 

Apifil 7. 

YOKKSlITRIi 
^ SttMleworth Htathm, 

I. IWLPVAr. 

Th Biaiion Mmter. 

Yl 

Cwity M,„. 

mouth’ 

s 0 

^40 
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lim-ihiVam (mntmmi). 


^ Tl S' 

j^Iquiviik'ntH of 

Error ni 

AKimudi and an- 



H <S*i 4 w 

W!lk‘l*. 

sralo-poiiit 

^Tulnr i'lt‘vnii<m of 
olijrcls niioYC 






Bi'inurks on position &c. 

H 



M’liei'Kiod in 

S t ) 

Hcalc- 

(iniiiiM. 

})!v\ ions 
j'oluniin. 

inonlli of I’ain- 
pnno. 

a 1 

III. 

h\. 


in. 




S'«* 

*i 


'001 


In kilrlion pardon, oprn position ; 

its luMUjiX’ rak'da litilo 

27 C. 

*a 

lOCJO 

— *001 



Sx,z 

’3 

1 500 

'ua 


<0 avoid iiKsplushing. 


5*ua 

‘4 

2' 1' )0 

--*002 




M foo8 


£500 

— ‘003 




8 *00 

*1 

1290 

— ‘GOI 

S.R Trroo‘ 2 'k 

tSnnk in u lar^^o pot, on lawn; 

276. 

8*00 

*a 

2600 

“'*005 


quilii rlear, {'xcupt as noted. 


7 - 5 S 

•3 

3940 

'-■on 




8*00 







M: 7*99 i; 




N.R lifiburnnin 

On <'d^t‘ of {*{trrinj:,ni drive, and 


8‘oo 

•I 

1260 

t’orivri. 

277. 

8*0 1 

*2 

2580 

— '0':4 

60'^. 

near a light, iron railing. 

7 ’ 9 o 

•3 


‘004 

S.W. lionjcon^i*. 


8'ui 


5 i 3 « 

— ‘oc (» 




M 7*98? 

•5 

6380 

-•0.4 




4 '***:^ 

•I 


“1" •( o(l 

N.K. 1’r«rMf)0'\ 

In garden, position not. the best. 

278, 

4<*‘ *A 

•2 


‘012 

s.\v. „ :;h ’, 

availalile; suggested muoval 

4*(.'0 

*•) 

1550 

} *015 

x.w. „ m'\ 

on Jan nary 1, IHdt). 


4 ’'( 'o 

ro 

3 'S ‘5 

f‘*oi4 




M, 4‘ou 







ij'da 


500 

'Out 

N. HoiiMoaEk 

Very nitadi Hhelt<‘red ; to be raiaod 

279, 

4-98 

*2 

1 DOO 

*00 1 

S.K. I'id *. 

.*{ ft., whieh will iiiako it nearly 

501 

’3 

I 500 

— ‘oox 

XAV. „ 47 ^ 

eleur. 


15*00 

•4 

1990 

“-’001 




M 5*003 
■8*01 

*5 

2480 

rorna't. 


In experinnailal rain*gango m- 
eiosure; eloar of everjllnng. 


*1 

160 

$P 

4 " *oi 0 


280. 

5 M* 
3*00 

*■2 

4**004 


3*00 

‘3 

' S 4 « 

-•002 





‘4 

720 

••“■004 




M 3 *000 

•5 

900 

d CO 

““ 'UC4 


Close to Ko. 

281, 

4 'f ‘9 

*1 

“■-*004 
*“« *01^8 

\ 

•2 

900 


4*68 

‘3 

^345 

— *0 1 2 




4*66 

*4 

j8uo 

*0 r b 




M 4*670 
7*87 
S*na 

‘5 

225a 

-•U24 


On N. E, parapet of house*, Oksi 
not nieasuretl. 

282* 





7*81 





! 

j 


7*9(1 

M 7*920 





1 

Part of pear tria» will bo mi off | 


1 5'oa 

•i 

520 

” *004 

S.IS, IV'iiriw". 

283. 

1 5*00 

*2 

1^20 

*t n '4 


l«, twit ion will iliott b vurygood. 

i 5‘tii 

'3 

I51JO 

I'orh’t'l, 




: 5 't ’4 

’4 

2n|0 

■' 




M 5*017 
5*00 

•3 

*1 

2510 

500 

' '003 

’“>■ ‘UOt 

W. IfimwJJl!”. 

In kitclunt^ t^artien ; ground lovol, 

284. 

S^oo 

*2 

loco 

‘«'*OUX 


and position good, 

5’oa 

*3 

1500 

— *0u2 




5*00 

*4 

1990 

‘--•UOI 




M 5*005 
0*07 

*5 

248a 

4«'ooi 


On a sUnui column on the top of 


V '97 





a milway-cutting; nearly level 

9 'i )8 





with the ehininioH of tho station. 


w 9 ' 9 ® 







M 9*970 









aTa 



39(5 
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Interim Report of the Committee on the Laws of the Flow mi Aetim 
of Water (mtumia// Solid Matter m SunpeMtorif mmmtinff of T# 
IfAwicsr.KY, Professor IUnkine, jF./tN., It B. (ieantham, Sir A. 
S. WAtJoii, FJU% and T. Jjooin. 

YoTfR Commitloo ronsidereit in Ou* first jilare, wind <‘X|«‘rinn'ids would 
bo necessary in or(l<T 1o furnish fhe data recjiiired fur lliu duf«‘rmiualion of 
the laws of the ilow nndneiian of waicn* eoiilainiii^ snliti inaHur in snsnini- 
sion, and what ■would bo Iho prcjlmhle cost of those t‘xprrinn'nts. Their 
eBtimate of that cost was XTiOOd, and flioy ounie to tin* ruiirlnsitni that this 
was hoyond the moans of the AMsoemtinu, They had no authority to «|j|»ly 
to tho Govornmout in the name of the British Assewiation; hut iti their 
individual capacity they addrosBod a memorial tc» Bar Majesty n Heerc'tary 
of State for India, representing tho practical valno of sneh experimcnls, imd 
especially their importatieo to the intorests of India. That tneunnaal waa 
aceompaniod by a general deRaripiion of the experimentH r<'<{uired, and an 
estimate of their cost; and copies of all these dominttntiH urt» appended 
hereto. Tho Government, however, declined to neredt* to the npplh-idimn 
Your Connnitteo beg leave to rottresemt that, if reappointed, and invostiM! 
■with powMW to apply to tho Government in tla^ name c»r the Ilritinh Asso- 
ciation, their future application might moot with better Bueeess* 

Avnmtx* 

I. Floxv of Water with Solid Matter in Stispensimu 

Shitch of propoml Oonm of KeperimmU.’^L It is propost'd to apply for 
the temporary urn of a pk^co of! ground near London, and, if possible, in the 
neighbourhood of tho Km Ohsen^atory. 

2. A canal to be constructed with a smooth bottom and lides of pkte glaii 
about 500 feet long, 5 feet broad, and B feet deep, and ciipable of h^dwg 
covered when required. 

S* At one end of the canal will bo a reservoir supplied witti water by yyf M pf 




Dian^ters 


r 


ON THE IXOW AND ACTION OE WATEE CONTAININO SOLID MATTEE. 403 

KAIlir-GAUQES {cmiinw^. 


Ill 


kkpuVfllonts of 
wnler. 

Error ai 
aciil»‘-point. 

Azimufh and an- 
gnlar elevation of 
objects above 
Tnoidh of riun- 
gnuge. 

imha. 

OmiiiB. 

8po<‘ifu*(i in 
]>rrvifnis 
(‘oluinn, 

in. 

’t 

500 

in. 

— ‘001 

K. WelHngt.onin 

•a 

XOCiO 

— •002 


'3 

14S0 

4* ’oor 


•4 

*975 

4 '00 1 


*3 ! 

2480 

— ‘001 

KAV. Apple r>r. 

•1 1 

500 

— '001 


3010 

— '002 

w.NAV. „ nrr. 

*3 

1505 

— •004 


•4 

2oao ' 

-•008 


*5 

2505 

— '006 



Bemarlcs on poHiUon ^c» 


in. 

5*01 

5'oo 

S‘oo 

M 4.'997 

4'9S 

5'oi 

4-98 

5‘oi 

M 4’998 


Tn the near tho station ; 

gotnl pOHiiion. 


Tn jL!;nr<li»n in roar of hmiso on Blighfr 
bank, and Hlioll.(‘rod an noiod ; 
iianmif'i’ial iniprovonionl in po- 
sition praotiwibla, oxct'jviby out- 
i ing dtuvn tnu* or two good t roon. 


3*9* 


320. 


of ii HPiall pumping,!: Hlonin-onf^inis anti f.fmkming mcclmnism for diffusitig 
Bolitl mnHt‘r of dillort'iil Iv'iihIh in tlio watrr. 

d. Tho waiter w ill la* nrndt* to flow along Iho canal at fiwt pure, and then 
with dilfereiii pntporlitmHtif dlllorentkiudHof Holitl nuttier in suspension, and 
with diffi'rent dt'ptlm of enmnit. 

15. ObserviitimiM will ho made of:*— 

A. Tho declivity of iho stirfuco of tho water. 

Tho velocity of tho cuiToni at the surface, hottoni, sides, and in- 
tormedinto points, idso the nienn velocity. 

C. Tlio niodo of motion of the partielos as seen ihrtnigh tho plate-glass 

sitles of Ihe trough. 

D. Tho rnto at^ whitdi solid mailer is tdlht'r dejiosited or HW<*pt away 

hy the eurrtmi umhT vaiious eiroumstnneeH. 

E. The tem|H‘raturo of tho waiiT. 

E. Tint dlrt'clion uml vehtcity of tho wind when tin* trough is exposed 
tt> ii. 

0, PiXperiimmtH to Im made in deiorrniiio tho (juantitioH t>f solid matter 
contained hi smnploHof water iuken from ditroreui poitds in tin* length, bmidth, 
and depth oftla^ (rough. 

7. ObMcrvutioiis and exjuTlmoniK to he made with the inner surface of the 
trough roughened in various ways, 

H. Also with weirs and other ohstaeh^s of din'eremt fonns and in differont 
positions. 

I). Tho results of ihe ohservations ami experiments to ho eompamd with 
those of olisiTvatiouH (so far m these have hecu recorded) made upon aciiial 
rivers and on ihe gnait seahu 

It). Tho whole reHults to !»o Huhmiited to mathematical analysis, in order to 
deduce general laws ant! praetlenl rules from thorn. 

11, Tlio rough oHilmato of tho outlny required for materialH, wwh, and |)ay 
of assistants and workmen tilt tho next Mooting of tho British Association 
is XI 500 . 

This is exclusive of the pay of ill© engineer from the Public Works Da- 
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partmont of India, to whom it is proposed to entrust the Huporintondenw* ; Imt 
it is believed that tlio entire series of experiments and investigations will not 
exceed £5000. 

n. 

To His Grace The Duke of Argyll, K.T.. Ifer MiyoMiv's Herreliiry of 
Btatc for India. The Memorial of Thomas llawksley. Civil Vie«»* 

IVoaidmit of the Institution of Givi! Hnginfers; Major-Uenornl l^ir Andrew 
Bcott AVatigh, Knight ; Williant »f. Mat'.i|Ut»rnitankiiie, Givil Knglfteer, He- 
giuK Professor of Clivil Engineering and Moehmdes in the Uai^erHtiy of tilus* 
gw; Ki<dun*(l Poxall (irantham, Civil Engineer, Menther of the InHiitutinii 
of Civil Engineers; and Thoimm Login, Civil Engineer, Member of the In- 
stitution of Civil Engineers. 

Bliow(3th,— That your MinnoriHlists rcspeelftilly solieit V(air Uraee's atten- 
tion to a subject of grout importance in tint e,onstrudi(m of artitieiul rivers Ibr 
irrigation and drainage. 

That at a Meeting of the British Assoehition in Angtist Inst at Xorwirh, a 
paper Avas road by Mr. Login, one of your ‘Minuoria lists, on the abrading unit 
transporting power of water, in which lie laid befori* thn Assfudation the 
results of his oxperiejieo in Jndki regarding the powt'r uf llowing water for 
holding solid mutter in Huspenshnu 

The Ha1ijc(;t was e.onsidered to he of wo mueh praelieal importance, that 
your Memorialists were appointed a (Innmittee to report upon it to the Me- 
chanical Hertion of tiu,' British Assotdntioii ; hut tlH»y have found the present 
statt) of Hcdentitio knowh^dgi^ Itj ])(< so vagnci uiid imperfect that it is in ilieir 
judgnumt nettes.snry to obtain, in the hast inslunce, a c<nup!ete heries of 
oxporimontal dnia. 

To institute exjMndmeniH would, however, rcfpnre some expciMlilure for 
apjMinitns and aitenduiKU'. Iteyond tlu‘ means of the As.sociafiom 

Moreover, since the results of the investigations woid»i, in the ojdnion f»f 
your Memorifilists, ho of great publi(* utility, they venture, iudeperidently of 
the Association and solely in thtdr imlivitiual eupmaties, Ut lay this tnaUer 
before Your Graco in the hope that the Indian Depnilmenf of ller Majesty's 
Government will tuko tho subjend mutter of this Memorial into their etmsideru- 
tioBj'and if doomed expedient direct that the requisite investigatiou may bo 
undertaken at the public expense* 

(Si^ed) T. IfAwraFY, T.IMnst.C.E. 

ANiiiiKwHiKm’WAimn, Mnjordleu, ILK., EJLB. 
W* J. MAwroKN LL,l)., FJLH. 

liicruiift B. Geatoum, 

T. Ia»«ik. 


Merim Reporl by the (Itmmitlee. on AyrimUnral Maehmery, conMiit- 
in^ of the Duku »f F.ltS., Tho Hov. Catriok Bru., 

David thiEia, J, Owhiam, Whliam Smith, C.JS., IlAKoi.n Lit- 
TIISDALE, TIio Earl of Caithness, F.llS., Hobert Nrujion, Pro- 
F.R.R., F. J, Bramwei,!,, Rev. Profossor WitLi*, 
F . R . 8 ,, a«£? Crardes Manby, F.jR.S.j P. L* Neve Fustee 3 . 
P. Smith, Secretani-s. 

Tnifl Comoito have to report that sovcral of its raombom havit how 
sagagea m oolwotiDg and arranging tho information neooBsarjf in ordwt to 
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pfiablo a final report to bo prepared ; but that, in eonsequeiico of the groat 
oxientf and variety of the subjects to be repoi^tod on, and the v<Ty recent 
dat(^ of the trial of imploinciits by the Boyal Agricultural Hocioty, and by 
the Highland Agricult ural Hixnety of Hcotland, on the rosults of which trials 
the Keport must to a great ext<u\t ho baHod, it ha.s ])eeu fouiid impossiblo to 
comphdo a final lle])f)rtf in time for Iho present 'Mtuiti ng* A nhort llopori? 
upon reaping-maohinoH Iijih been furnished by ]\ir. Ohllnim ; hut the Com- 
mittee ^mnsidtu* it advisa,hle to defer juihlishiug it. \niti] it coin be included in 
a general lioport, ospceially us somc^ iinporiant trials of reapers have boon 
raadii sintm it was writtcuu 

Your Committee beg leave to rejuTsent that, if reappointed, they am 
eonfitlcni of being able in due time to ju’eseni. a Hatisfactory ileport to the 
Association, 


Report on the Pkjmhf/iml Jetion of the Meihyl mid Allied Series, 
By Benjamin W. IliciiAHimoN^ M,A.f MA),, FJhS, 

Ix introdneing the present Report 1o ih(3 Association, 1 would, as preliminary 
to new inatitT of restnmh, nauml ibat the suhstaiico known ns bh^hloride of 
methyb'iie (tlu^ prtqaulieM <»f which I was led to niudy as a pari of the work 
euiruHt(»d to m(3 in ]in‘viouH y<‘MrH) has, dtiriug the past twelve months, 
inereased veTy greatly in pruidit^al impoHance. Tho hkhlorido has been used 
for general ana^sihi'sia on a largo scale in (luy's, the London, Charing 
Cross, Cphihalmic, and Bamaritan ITospitiils. It has also Ikkju largely cm-» 
ployed for the same purpose in tlie pro\unces of England* fn Franco its 
action has been carefully studitjcl, and one of tho gnulimtion theses at Stras- 
bourg has been devoted to tho subject of iis action. In Italy tlm Im-blorido 
has made its way, and in Germany it is einploju'd by the distinguished You 
Graofo (who leanicd its application from Dr. Ta^dor of Noi-tinghnm), and by 
several othcir eminent surgeons. 

llespccting tho action of the hichlorido of mdhyleuo ami its udv;intag<'B 
over other ana^siliciics as y<d. discoveml and iHUidenul applicable, 1 huvt3 rt?- 
ceivod special reports from tin* following gentkunen : - lVt(‘r ^larshall, Ksrp, 
Administrator at tho Ghurliig llroKs Ifospital, Dr. »Innkm% Adminisirntor at 
the Bamuritan Freoirosjuiul, J. Rendle, Rstp, AdnnnistratoratGayVjJ. Adami, 
Esq., of the London 3r<»s[ulal,.L Ihwier, Esq*, Opbthalniie Burgeon ntGny\ Dr* 
Taylor, Burgeon to tho Ophthalmie, JloHjatalof Nottingham, ami Mr. Wood of 
Brighton. 

I am happy to mid that up to this tlat<» ( Augnsi) tto aeeident has oemnred in 
the administration of tho biehlorido, 1 have never hold that it is free from 
dangtWjUnd I reporttnl in regard to it, at lirMt,tliatiicould not ho etumklered m the 
safest agent of its kind until it luwl been administered twenty thousand times 
with a totality of less than ten doatliH as the result. I hope, however, now 
that it may c;ven go safuly through tliis very severe ordoal ; for at the lowi^si 
estimate it has beam adminisiered 450^ tlinos in England alone without 
a fatal catastrophe. In the expericmee which has s]>rung from iho adniiuiH- 
iration of this anesthetic, one very interesting and valuable practical truth Inis 
come forth, vix. that with skill on tho piirt of tho administrator iho most rapid 
and Biifcst insonsibility cun ho imhicod with a quantity not exceeding sixty 
minims ; thus for small operations, or, I had bettor said, short operations, 
such as tooth-oxtraction, operation for cataract, &c., tho required anwthosia 
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can bo incluccd in from twenty to forty with perleet r{‘eovery in fmm 

throe to ivo miimtca. The mode of adiuiniHlerinp:, in ordt^r to jwiNiinH! Ihcmi 
eifocts, is simple: the inhaler 1 showed last year is inoditied hy heing 
lengthened, and the tluid is n<d. int rod need as spray, hut is jmnred direetiy 
into the inhaler. The inhaho' iindf is made of leather, and is hard with 
loose dcnHd.t.e; it is perf<»rated at tln^ mid furthest reiuovia! from tin* nandh, 
so us to admit air. .For this modi lieut lent of inhaler, and for demooMi rating 
the extremely rapid action of tin* hiehlorhle wltli It on tla* human Mihje^i, we 
are indelded to Mr. Keudle. The mtdhod Ims heim surersHfiiljy employed 
now in four huudnai operations. I may he partioned fonU\e!ling on lliis 
practical fact for one reason ahme, ; ft>r this reason, that it hIuo^h the true 
value of a correct theory in estimating tht*! piviperlies of ehendeal suhslanet's 
on living animul bodies, based on the physical charaelers, pundy, of tin* sub™ 
stances tliemBoIves. Fixnn the ehmiueal conipusition «d* the hiiihloride of 
methylene, from it»s boiling-point, and the dmisity of its vapour, I was alihj 
to claim for it its probabhj place as an aiuesthetic before it was snhjeete»l 
to the tost of experience, and espceially to claim for it that, its power to takes 
effect would bo as rapidly developed m would he tins n'covery from it when 
it was withdrawal. Tins practice has proved the lluatry to huvi» hecni in ihiH 
case safely founded ; and the fued maybe accepknl as an enrourngemenito nil 
who are or may Ixs striving to reduces our knowlc<lg(s of the action of 
medicinal ag{mts to fixed jsrinciples. For my part I am certain (and I think 
the after pages of this Koport will ludp to pr«sve the idtxi) tin* day is at 
hand wluni the mens cheinicid and physic{il(.‘hnt‘a<*tei‘H of any Htdislunce htang 
jpiowri to tlus jiliysiologist, he will h(s abbs io hsreNce chicly wimt are the 
physiological values of tlio suhstamte, and to ca leu late tlu‘ hViuptoms and 
changes it will indiKss in tins uuiinal eeonomy from pure theoreileul formnhm 
and with perfect precision. 

MuTUViaU, 

The substance mothylul, Cj, to winch 1 called attention last yonr, 
deserves another brief word, i eonlirm what I said eom’eriiing it iasl yeur, 
viz;, that it is a slowly acting ana’sthetie, producing by its inhaiiitimi u hlcep 
which is very deep and prolonged. I would add to this Iteporl timt niethjiiil 
may bo taken internally in the same proportion as common ether (it eiudfl 1ms 
used also in the form of hypodermic injection), and tlmt, as it is Holuhlti in 
water, it promises to be a very valuable aildition to our list anodyne 
remedies. During the past montlis Liobreich of Berlitt htm brought out ilie 
substance chloral (C,, M 0) as a body which posscsMcs the power <d’ inducing 
long-continued sleep. I have not yet able to obtain chlonJ for ex- 
periment 

ITAN OFKFW liMHFAlUTlEH. 

In the new riwvirchoH to which I have devoted my iittenliun sineo kut 
Meeting, I have ainnxl, wduio studying the action of Mcvin^id ctitnpuinnk which 
have not previously btxm conshlcrud by the physiologiMf., to bring tlm prc^iit 
work, together with tho past, into Rystematic armngemciit, t« group under 
their proper chomical heads the agents subrniited to inquiry, and t<i ascertain 
whether any dktiiictive jdiysiological charttcterbtics could bo diswwmid m 
oonneeted with distinct chemical series of organic bodi^, I comtnonci^, 
therefore, by placing before myself a sot of Tables which I now puilicfore tiba 

* After the reading of this Bapori Dr. BichardsOn was supplied, st Eiensr, with a 
ttwn of chloral by Daniel Hanbury, Isq, He was tht 4 * embled, at tlie ftqiieia m 
Seomoa, to bring up a suppleamtary report on chloral during the 
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BcetioE^ I have grouped in tlicse Tables certain ropresentativcs of dilforent 
series in their natural place and in five divisions, Yis5» nitrites, hydrides, 
alcohols, eliloridos, and iodides. Under each division the two tirst represen- 
tatives of the series are tabled, and the fourth and fifth. The propylics cum- 
pounds, which would form the third represen tativt\s, tiro omitted in every (mse, 
owing to the difficulty of obtaining perfectly reliable sptaninenH. The sub^ 
stanccB named iu italics have been considered in prt‘vious lU'portH. 
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While in this munnor studying the vuri^ms substanct^H in great groups, I 
have tried also to study peculiuritit‘H of action in members of the same group, 
with special reference, in each case, to the effect of the aggregutimi of mrbon 
and increase of weight. 

To these observaiums 1 have be<«n able to add otluu’H, which refer to the 
individual peeulinritios of some Hptsciid (lomptumdH ; ami when those poeulia-' 
ritios have wuggesiod a pnudical and ustdul application, 1 have noted the faots 
with care, and eiuboilied tluun in my rtuuarliH. 

Lastly, m in the wjurse of my rtwutrch many opporimntbs were offered of 
studying the dangers iu the udmi nisi ration of some of tl,m chemical bodies 
named in the Table, 1 to(*k advantages of such opportumties to test by experi- 
ment tho best moans of counteriwding those d?mgars whan they occur. Tiiis 
therefore forms a concluding and spC‘oial part of the prosent Iksport. 

In preparing for oxporimentH, certain rules were followed which it iu right 
at once to name. 

In all oases where the subBtanco to bo examined was a gas, it was adminis- 
tered by inhalation ; in cases whore tho substance waa a very volatile liquid, 
it was administered by inhalation chiefly ; and in cases whore the substance 
was less easily volatiliiaable, it was administered not merely in the form of 
vapour, but either by the mouth or by subcutaneous injection* 
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Ab it soon became apparent that, under all forma of admitiiHiralmn, the 
results were materially modified by temperature, isare was hd;en in sc’eiire, 
in analogous experimonta, the samoning(‘s of tt*in]Kn*alare. Huh was 
by means of specially constructed elianduTS, into wliirh the air could he ail- 
mitted in tnoasured quantiilos, aiid in whicli the air or nf luo^phere emdd he 
maintained for o-ny lengl.h of lime at a nearly fixed degre(% the yurialious uf 
the exireniest being under throe d^'groes in Fiihrenlieit h sndi*. (The ehanda-r 
was defined in a diagmm* In it the air could he riiised^ 1o Fnhr* ami 
sustained at that lioiif., or reduced io J (P below irt'oising- point- and kepi at I hot 
low teinperai.uro steadily.) 

Anotlier ihainher was also used in ex]H‘riim‘niH when' iiduilalton^ of an 
atmosphere charged witli a foreign gas or vapour was not wanted j fids eon- 
sistod of a simple metal chamber with a double lining. Ihrmigh which warm 
or cold air could be passed at pleasure. Within ii. was slung a erndle lined 
with thick felt, made after the manner of a hammock. In fids ehaniln'r flie 
air could bo readily raised to a temperature of UHF, orm^eu Fahr. \ luit 
tho chamboT was not air-tight, and w'us not adapted for holding in eireiiit 
atmospheres of common air mixed wdth vapours or gas(‘s, It \vm always 
well ventilated with juiro air, and was used for imlucing recovery, or for 
proving the (ionditions adverse or favourable to recovery from eiTtain of the 
agents emidoyiul when they were administtred in excess. 

The cliiHses of ardmalH siihjeeted to the %mpoum or fluids wore batra- 
chians, birds, small lierhivoroim and carnivoroim mammalH, In ever}' in- 
stance where comparative inc|ulries W(‘r<‘ made the utaumteare was taken to 
<^stiina:tc nuu’c rippiinuit dilferences of plienoniena from tie* same ageni from 
difft'rcncos in the eharaeter or consfifutioii of the animal suhniitted In Ihe 
action of the agent.. Tin* natural teinpt'ralun’s of all tin* warm hhMided 
animals was recorded from finn* to tina*. and tlie mean tempi mtiire uan rai- 
culatcd and adopted as flu? natural standard. 

Advantago was taken of ditlerent seasons of the year, and of <»\lreme 
natural variations of heat and cold, for the rairrying on of many i*f the in- 
quirios. This point of praclico, follow**d first without refeVejice to miy 
other than the present research, was found to have a ilislitn l ainl ini|Mnifitii 
bearing on the general question of the use and ridminisl ration of clnmdcal 
mcdioimil agents. 

I now pass to the first part of this lleport, taking up the study of the 
groups of substances in the order of the Tables. 

VMIT l.-THE NITHITE HKUIFS. 

I n previous Reports I have called the ait<mtton cd’ I he fek'dion to llieaelion 
of the nitrites of methyl, (^thyl, and amyl. I have experiimmletl during the 
past year with the nitrite of butyl, and have tluiM eotnpleted the elemeritiiry 
study of tlm group up to the amyl or pcntylk series. Tlu^ stieeimen «»f nitrite 
of butyl 1 used wus inacht for me by Professor Wanklyn. It is ohtmiiitd by 
ttia action of niirouH acid upon butylio alcohoL 

Nitrite of butyl is a slightly coloured fluid, having mi iKlour like nitrite of 
amyl, but it is not m overjxjworing. Its physiological action is nearly the 
same m that of nitrite of amyl, hut loss intonso and proimeted ; it quicktna 
the pulse, produces Buffusiow of the countenance, caunci groat oppTOiiilon on 
the brain, and those singular noises or sounds in the head which roMmUo 
the SOU 1 I& i^oduced hj the rushing of water. The breathing also is 
and the respiratoiy muscles are influoncod as after runmug shaipjy until out 
of breath. In a ease where a young friend of mine (who has a 
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wry hard and quick pulse) inlmlod the nitrite, I noticed, durini^^ tlio time 
“When the face was suffused, that the puhse, wliich previously had been beating 
at 80 per minuto, did not rise to more than 80 beats, but beeanio mueli 
relaxed auebeveu fooblc, regaining its tone within a lew seconds ufttu’ the 
agent was withdrawn. If or practical purposes, the nitiito of butyl prosonis 
to me no advantages over the nitrite of amyl, audit has the disadvantage that 
it is more easily decomposed. 

Genera.l Eisview oe the Nitrites in itE<3ABi) to PiiysxoLoarcAT. Action. 

With these obseryalions on nitrite t>f butyl wm may, I think, consider that iho 
physiological propertit's of tluj nitrites is, in an eleiuontary sc use at least, 
understood. They all present a beautiful tinii.y of action, vari<'d only in in- 
creasing force and persistency of action ns iho weight of each reprt^sontativo 
in the series increase's with and from increase of carbon. The summary of 
their action is briefly as follows : they net instanianoously on the nervous 
system of organic life, reducing the pow’-or or forces of Ihai system, and re- 
ducing, as a result, the vascular teuBion ; ihus they cause relaxalion (»f 
©xtromo vessels, and that suffusion of blood whiidi is the most ]jrominent 
visible sign of their effect ; thus they cause intonso action of the heart, 
followed by quickened respiration, duo to the liberation of tluj heart from 
the tension to which it is normally subject j thus, administered internally, 
thoy cause (and ibis is Kpecially the case with tdirit© of ethyl or nitiio 
ether) free secretion of organs, such as the kidneys, which are under tho 
control of tho organic nervous centres. 

Acting in the manner thus stated on tho vascular tension, they produce an 
action on tho voluntary muscles and on the brain, loading to paralysis of 
muscular and mental power, when carried to extremity, iint this paralysis 
in in every sense a secondary action of the nii-rites j they produce no anes- 
thesia showing primary action in tho cerebral organs ; they cause no con- 
vulsion of the voluntaiy muscles showing primary action on tho cerebrum, 
cerebellum, or spinal cord, Unoonsciousnoss and muscular prosiiuition, when 
they follow, are duo to destruction of organic norvouH control over t he vchhcIs 
which supply the groat nervous eontroa with blood ; ami tho final geneml 
prostration is syncope, syncope m pure ns that emotional symuqm which 
awaits fear or intense anger, or tho etiuivaUmt of ihoso, sudden loss or re- 
moval of blood from tho centres of volitional power. 

I hop© I do not scorn to press those facts unduly ; for in reality, wlion the 
whole question is scon by tho experimental physiologist, it cannot be too 
strongly urged. In tho organic nitrites w© hold iu onr hands a series ofdhe- 
aaadoal i^ents which exert an influenco over a specific set of organs in animal 
hodioi, and over those organs in one Hpeeifk wuiy. Further, iheso sgeuts, 
sfainst our wills, act through prc^eisoly the sumo means and in prociflcly the 
mmn maimer as do tho more obHoiire, boenuHo more refined, inlluenoes which 
excite daily in us what wo call emotions. An act which shall oall forth a 
blush, an act which shall call forth tho pallor of terror, an act which sliuU 
proditea involuntary secretion, an act which shall make the heart beat witli 
m intensity that is painfully felt, — all and any of theio acts, which would bo 
colkd psychical, have their precis© physical analogues in ih© act ions of iho 
organic nitrites. In this study tho physiologist meets the psychologiit on 
common ground; his facts as to effects from the physical cans© are as sure 
m are facts from the effects of mental causes ; but how either tho physical or 
*^0 psychical impression is mad© remains yet to bo discovered. It nmy in either 
mm be an immediate impression conveyed by the nervous expanses of 
1889, 2i 
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senses direct to the organic nervous symputliotic cimin. It may bo in either 
caso an indirect impression convoyed from within llio body, iiiul, ns ouo would 
imagine by the blood, to that nervous chain. Hut wliy the nervous chain 
should thorciipon lose iis controlling power, what molecviliir elnuigo is oom- 
municated to it to nialco it lose its power, W’O cannot answer at present. Wo 
must ho content to wait, satisfiod for this inomout with tho possession of » tnith 
which fifty years ago the most suiiguino physiologist would not have droatned 
of, that there is ii elnss of organiti hodies by whieli we nre nidi' to imlnee, 
in a simple physical way, what have been called up to tliis (imi> emotiomil 
phonomoluu 

Otu) other observaiion doBerves a cxpr»ion, iininmneh m 

ox:iilain» a woll-known ftymptom wbieii many jaa-noim Imvo c'xprrienmli 
If tho heart ho thrown into auddon action by any external caune, by breath- 
ing, for example, tho vapour of nitrite of amyl, thoru in protUiood iu tlio head 
a peculiar pukating burring sound, which somctinicH amounts to a whiiilii or 
coo* Iu some forms of disotvso, especially iii debility following upon emotional 
diitroBS or anxiety, this sound becomes persistont uiicl iutmmely dktrasiini# 
In both eases tho sound is produced by the same cause. Tho viuscuIet 
siou reduced at those points of tho body where tho v^iok paii tlimufh 
rigid canals or o])euiiigs, ibenj is vibration set up in tho rosistint priit 
which vibration pi^xlucc^s midibhi sound. In the entmnoo of #10 lnl#r»ftl 
curotid artery into the skull by llio carotid canal, wo have a |«nfeel 
incut for tlio]>ro{luotiou of tljis pulsating murmtir 5 and m tho canal ii in dcHi 
and solid (amnexion with the organ of hearing, the nninnur i« dearly and 
otU?n painfully audible whenever tho artery (if 1 miiy the exprosaion) is 
not under guard, L c* is not under tho full control of the organic mnom 
power. 

THE PHYBIOLOdlUAL AUTIOX OF HVDJtlDES* 

The first of the hydridos named in the Table, and the lust, have been 
studied m regard to their physiological action and values, 

M^driii of Meihyl or FrotplmM—Thm bodjr, known commonly m fire*? 
damp iu mlum, ana as marsh-gas on land, is made by heitiitig tc^pthif 
acetate of soda, causMo potaasa, and well4ried iimo* Its proimrfij^ msA 
oomposition will be mm m the Tabte. I have alieady (at Buadt») report 
on tho action of this hydride and have liitio to add to what was libfe 
recorded, To make it ptoduoo rapid aumsthema the gas must be iuhaldi utorly 
undiluted with idr. It produces no excitement, and recovery from its effeelii 
if tho inhalation be stopped in time, is extremely rapids a few iee 0 ndli §m$ 
indeed, sulllcient to restore consciousness and muscular power*. The pj om 
only kill by a process of grodtiiil negation of respimtion, by replacing 
quired for tho oxidation of tho blood. It has no ratating propeiiliWi, and k 
breathed without, causing simsm. I repeat here what I was abb le stale at 
Dundee, that death from fire-damp must be of the laakit kkcl, mUil la JbMil 
be Oft oMy m going to sloop, a oircumstamoe which acoounls proW% tm 

placidity and posture in which the dead have been found aft#? la^ 
from inhaling this substance. From the oiroumatanoe that lha hy dfi #l 
'ii>foimd in the air of marihes, it has bean taxed as ih.% mmm ot 
501010' ;ii no evidence whatever to support this view*— no evidM^ wbitavH' 
iiat iie'pi' ii anything more than an immediate and iW|Iy 
^ ceaae so soon os the aniimil body has bm 

■to IMotae*.,, ai 4* oMtMnly powdWe that & penon expewtS &r tirmAilmm 
would be jedueed m fn/wm* wa'ipSi'llWwiJiis 
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reduotion of temperature ; but from this ho would recover, if thorc were no 
other eonditions acting injhirioiiBly at tlio Bamo time. It is Mr, tluircfurc, to 
assume that iu the atino,sj*hero which gcuonites maliiriul fovor, ih(^ hydiilc m 
only a coinoidemb with the true cause of fever, and that either damjjnoss or 
the presence of some other organic ]>oiBou is at work to produce the more 
Borious and persistent coiiBcqmmcoB of exposure to nmrsh-air* 

Hydride of methyl in the pure state might be used as nitrous oxide is 
often used, viis* to produce iuKo-iiHibilUy to pain by gaseous suffocation 5 but 
the principle of the method is rude and ixn worthy of Kideucc# 

Hyilmk ofAnij/L — 'Hy<hide of amyl may ho mruh^ by adding iodide of amyl 
to wider with ssiiic, and applying heat at (KK.1.42jj^ (b) for some hours* 

On distillation a tluid (somoH ovt‘.r composed of umyleim ami the hydride ; the 
mixture is Icfft in contact with <%au 8 tlc potassa for twenty-four hours, and is 
then rectified from a watcr-haih atJh'“ (J. The distillaio is immorstsl in u 
freessing-mixturo, and Ircaied with unhydromH and fuming sulpluiric achl, 
which retains the amylcne, and tlm hydrides is distilled over, d'hlw, which is 
Franklamrs process, is di'scnlxid in full iu Watts’s (‘luiniicul Dictiiimiiy ; 
but to get by this plan any Hufheient (juantity of Iluid for a scrioH of physio- 
logical researches wouhl bo practically out t)f the (luesiioiu hbrhinaiely the 
hydride forms ono of the parts of American petroleum, and from a speciineu 
of this petrolouin I)r* Yersmann hns boon able to distil for mo a sufflcieiii 
(piant ity of the tluid for my purposes. The ajiccimon prosonts all the cha- 
raoioristics of the hydride ; tluj speeido gravity is and it boils at 

80 ° F* (aa* 30° C.). Aa a Huid it is colourless and odourless ; it is very agreeable 
to breathe, and creates no irritation. There is a spooimon before the Scotion. 

A distillation from potroloum, having all the properties of hydrido of amyl, 
was tried in Amorioa about two years ago m a general aniosthotic, and was 
reported on favourably* I thoreforo subjected tbo hydrido to careful oxj>ori“ 
mettt, and found it to bo truly a genoral amrsthotic that might admit of 
practical application. In order to produce decided effects, 40 per cent, of the 
vapotir of the hydrido must ho present in the inspirt‘d air ; and so volatile is 
the fluid that constant repetition of it is necessary, unless it be placed in a 
receiver admitting very little air. Aduunisi.t‘rod by inhalation to pigeons, in 
suMoient quantity to produce detonniiiato insenHibility, tlu^ period required 
for the production of syinplonm was fouml to be under u minute, and the in-* 
sensibility to bo profound in a period a little less than two minutes. The 
iascasibiuty iu tlio bird ia attended with Rome convulsive movement aud 
drawing back of the hoa<l lleeovory from the offectii of the hydride ia 
rapid, not bo rapid as in the case of the hydride of methyl, but stiEmj^lhs 
telmal regaining its full consciousness and mtisctikr power wiwi twc 
minutes. The temperature of the body remains noarlv unchinpd. Th% 
inclination is towards a reduction of tempomt-ure, but it do^ not exossd the 
fomth of a degroa on Fahrojiheit’s scale. The blood underpos no obvious 
change. 

To observe the extreme effects of the hydride, animais, after they had bo- 
coma insemiblo, wore allowed to sleep into death. The process of death is 
gentle, and the respiration and oireufation cease nearly simultaneously, the 
reii^atlon failing a little first, Tho tompemture of the body faUs during the 
last few minutes of life from 1° to 3 of Fahrenheit’s scale. Tho ptipii 
dilates. After death the heart is found well charged with blood on both 
sides, and the organ on exposure to the air starts into vigorous’uctlon* The 
.Mood on th» left side is darlkoned in colour, but the coagulation is natural, and 
&0 corpuscles sxe uninfluenced* Thelunfii ini is oommon when both sidei ^ 

2i S 
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tli(i ai'i' left full of liloml, aiv nalunil la I'olmir ; iliry ai'i' iiot I.LiUi'lird, 

n.H affui- chlitrolonii. nor ns nftcr ctluT. Tho limin i.^ iintitro!,' 

Tlio musciil.'ir irriluliiliiy is long ruhiinofl, 

_ To put- Hu* hydri'li^ to fiii'thurtc.sl, I inhaled the VitiHUirnf it iitysoH' from a 
Vuk‘!mil.(‘ ialiah r, sueh n.s 1 employ for hiehloridi' of niothylroio iho voponr 
wiiH very agiveuldc to hrciithc. caused no cotigli and Jio iiT’itiilioii, hut a ‘<,.a- 
HUiioii as of a gentle warmth orghnviti thechcHl. After six iitspuMtions I r-dt 
evideiieeisof rluinge in the cerehi'Hl eir.mlniion, giddiness, ami iimhility to 
stnml, with^ the cmamon avuiyiiig nmveinent. or Keiise of imormeat, tttiieh 
luarku (he lirsi degree of nmesihefie sleep. In a Htiie time 1 l,m( vo)isei<ius • 
nes.s_f..ra few immumts; hut, llie iidmier heitig removed I ipiiehh rerou-iMi, 
tuiil in three uiiiinkiM was perfectly well. »Neilh<T muwea. nor hemluelie, imr 
chilliness followed. 


Owing id the low ImilinK-point of this hydride, it udiuils of heing etnploved 
hy the phystolopHl for many impiirics iH-iiriiig on the restoration of miiiiml 
lilc after winu) foniiH of death. Thus, after deatroyiiig in frogs, hy the net ion 
ei extreme cold, thost* functions or acts which cmislitute what is’ called life, 
the prooess^of recovery is best deteriuined hy ri^gulating the slow re**! oration 
01 return of heat, and hy ]tr<wenting a snddenneH.s of reset ion wliii’h orilinarilv 
xs fatal. Now, by immersing tlii< animal in the hydride of amyl, ami then 
warming, there is no ilangm of warming too tfiiii-kly. as the llnid’ boils nt Htl** 
I'lilir. i neither is there any neeessity for removing the nnimal nntii, hv th» 
escape of a Imhhle of gas fnmi llm month, the first imiieations of reslorirtg 
respiration are afforded; then the animal removed will, in mosfcnses.n" 
coyer in the op m air. 1 have seen the frog recover alier immersmii nmlw 
this hydride for a period of seven minnles. 

On the whole, 1 am of opinion that pun' hydride of amyl might, if it weptt 
needed, be omployed as a general amesthelie, and that, for short ois'rniums 
©specialljr, It would Iw effee.tivc. 1 do not, howovei', init it above the other 
awtbeto, but would rather assign to it tho aame position us Indonim to 
o%lio ethop, amyleae, and iiitroui oxide gaa. ^ 

^ 1 nrast not, howmr, paw over »mo other minor but. in fh« njwregate. 
important uses of this agent. M a very moderate cost now, rt hydridiuimy 
bo obtenod which, though not abs^atcly answering to it» pure chemieul 
oharaoter, w sufftrienUy pure for tho purposes I shall name, and wliieli iniwl 

piacUtioncre of tho healing art. I will notieo simw of ite «im}i<'(ai.ins in 
detail, but by no moans all of tliem. »ppm tnnnm in 

piodm ing, in 1 rtn of spray, rapid looal msonsibil ty. In im«t .wi-m.ii* ii 
predtices umonsibility, in this manner, in a imrlod of fm i mm to uvn 
seconds, and for inoro puaotom or alight incisions it answow wt * I nt ft., 
larger essays it s too volat lo. and does not cover a s«£S Jw , . ^ S 

advisable, thomforo, to dilute it with absolute ailiJrbrwyl IL 
b«t wound that can ho omployod for producing rapid tj llSil ty 


The hydrido of amyl dissolves some juices and fete with c-rc.l 
Camphor and spermacoti dissolvoTu it freely, and tho ve'»ei,ihi’.. i ' *- 'i 
oils mix with it. Advantage may hb taken of those iimpiTti,.., fi," ,',.,1 i,".'.'". 
solution I have placed before tho Sootion, and which is most vdmible' f. • 
liovmg the tiain of burns. Tho solution is made w , ' 


licTing tlxo pain of burnB. The solution is made by sa 
with spermacoti, then adding camphor that ceases tc 
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mixing the compound which lias boon produced with an equal quantity of 

(Hivo-oil, When thi» Biiluiion is at>p]icd on wool, oval' a burned staiace, tho 
eold produced by tho ovaporalion of tho hj^dride gives instant relief; while 
tho thin layer of fatty Bubsianeo left behind edbctuuliy exoiudos tho air, and 
forms a fake pellicle or Hkin, which greatly promotes cure. 

^ Iodine dissolves readily in the hj^clride, m m soon in another solution which 
IS before ns* The solution thus formed is tho best of all Bolutions of iodine, 
for a variety of purposes ; wluni the solution is applied to the skin, tho hydride 
pssesaway jit once, mul the ioditie is h*ft in a thin and oviui layeiv Tho solu-* 
tion is also usc'ful for dcodoriicuig j for this imrpoHo pieces of clotlymay bo satu- 
rated in it, and when the iodine is deposited on the fabric it nbjiy bo suspended 
in the air,wlien the iodirje is quickly ditliwed in<‘eluuue.nlly, but evenly, through 
tho air. Iodine inlmlatien, weak solutionH of thci compound being used, may 
b© readily and elegantly applied by means of this (unupounci 

If strong seiulion of ammonia bo wtdl shaken with hydride of amyl, and 
then allowed to stuiul, small bubbles of gas tire steadily ovolvc<l, and after a 
time iho hydride containing a large qutintity of ammonia may bo decanted 
off} thisaminoiiuited hydride is an excellent antiseptic, and can bo used with 
advantage by tho nnatomist for the preservation of animal structures in tho 
fresh stale in a closed jar. The same solution charged with camphor can be 
mm\ by the fttudenf. natural history as a prosorvative of his specimens, 
liiistly, the anmmntni(Hl hydride can lie applied modicuially by inhalation in 
eases where the physieiun winhes to administer ammonia rapidly, as in 
scarlet fever and in states of great prostration, Tho ammonia cm b© so 
dUntad in this manner as to be rendered agreeable for inhalation, 

I could enumerate other uses of tho hydride of amyl, but must pass them 
hj with the further remark tiiot, so soon as its value is known and appre- 
ciated, it must become as common an agent in medicino os ammonia, or ether, 
m alcohol. 

EbVIKW of tub lIVDEinKS. 

Eeviewing the action of tho class of hydrides up to iho hydride of amyl, 
w© may consider each body of tho serioH to be, in a pby«iolegii*al Bcnse, nega- 
iiv© in charaoter, Very aiable m eliemical compounds, prneiieally inmilublc 
in the blood, boiling at a lower temperature than the living body, producing 
no irritation, they inflict no injury on the living economy unless they are in- 
hiM in such quantities as to exclude air. Then they produce, like amvlcn©, 
a lomporary insensibility, their ]Hiwer in this respect incimstng with fea 
incriasc of tho carbon in iho series; but, owing to the insolubihty of tilt 
igtuti in tho blood, tho insenBibility is in nil cases of very britf iamtiimi 
and would qaickly be a fatal insensibility if, by continuous admiitiitoiriofl, il 
wm prolonged. 

THE AhCOllOIi SERIES. 

MKiiin^io Aacouor.. 

At tho Mooting at Bundeo I roportod at length on the iotion of 'mathylio 
aloohoL I have now to add to the ileport then made respecting it soma 
ol^rrations in relation to its influence on the animal temporature. In its 
tlfodi, in this particular, maihylio akohol resamWei chhiroform, but in a 
m«e striking degroo. In birds (pigeons) I found, when tha^third degreo of 
totoxieaUon was produced, that in so short a period as ton tmnutog the tern- 

S ratee was reduced four dogreos Fahr., and that the decline of tempera- 
re continued during the whole period of mmvcm reaching at the lowest a 
MiiM eight degrees on Fahreihrit^i idle, The temperature 
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rise akmfe two hoiiw fill* imlic*atitm« of mwary; Init a iwwiod nf 

from seven in eight Inmrs in to vewtoiv i\w bociy^ mrii inaler favour- 
able comditioiiH, to tlu! nafurnl teiu|i<‘riittir(% in one vmv elffTt« of 

reduction of iemperainm wereobsrmal wlitui iheesetormil ttuiiiMWnItire of the 
air was 80*^ Fuhn 

Knrvntr Ar,rouni., 


Mnehnwareh has laam made of Isdo yvimm the pliVf^iologinil iifimo of 
eihylio or eoniinon nlrolml, tnuvh ofUilrovi'i’^V hn'i iHlhmiMl rrHoarrli, finrl 
poink uiiHoHlod nn‘ too uiinionius tn iiu'iUiom I'Voling it i|Milr 
io enter iutr> mio point, of e^)n^rf^vorHy witloMil iiivi»hiog in mmiy 

others, I dHerminetl simply tf» iiiakt* one or two new ninl inih'pendent in- 
quirioH, and to place on record the reHulfH, Whnt I hi*v»* rhme rrlaiim tii fho 
intiuonce exerted by nlcohid on nniiiml temperature* the entidtlion of the 
organs of the body during extrome ideoindie inle\ieafio»u ami the mode of 
death “wlicm the poison is earned to the fatal degree* 

On the particular points of temperature, I have to wa'ord that in the pm- 
grossivo stages of alcoliolic intoxiriition; the tendency in all eases is to n de- 
crease of animal heat, lii the progress towards crnnplete inttixieetinn iiiider 
alcohol, lunvcvcr administered, tliere am, as under eddomferm, four ilistincit 
dogreos or stages* Tln^ first is a stage of sim|de exbibiralitm, the aeeorid of 
oxcitonumi, the third of nmihlitig insensihility. and the fourth of enlim 
uncoimciousness, with musetilar primtraliori. the dnratiim of these slngM 
can he modified in the most rmnnrkiihb mmirier hy tin* mode of ailminmira- 
tion ; hut whether they m‘<’ developml iitid recovennl from iri an hour or a 
day, they are always present except in ciism where the ipmntitv of alcohol 
adminiatored is in such exnt‘ss that life k endangered or instiinliy diwlroyixi. 

In the ftmt or oxhihirative stage tin* tempemfnm iindergnes n slight inwaiw^ i 
m birds a degroo Fulirenheit, In nmmmnis h/iif n degree* Willi tlie stage of 
atmtoment, in the second stages during whieh (here in vomiting in !iird% or 
attempts at Tomlting, the tempemture eomes liaek to its natural stanilarel aufl 
swnt b^ins to Ml ; and during the third ami inUi the fourth degree the rledino 
ooutiaties* In the fourth degroo the tomporaturo Mia to its first mintmuttii 
and in birds comes down from five and a half to six dcfrees ; in rabbiti IWm 
two and a half to lhr®e degrees* la this eondition the animal kafijierainm 
often remains until there are sips of recovery, vk eonsdotis or nemiecm- 
scions movamente, upon which there may be a second fall of temfmralnft 
of two or oven three dcfrecs in birds. In this eotnae of feeovery 1 have mmn, 
for inatanoo, the temperature of a pipon which had a natuM sMidaid rf 
IKP rorlimod to 102®* Usually wilh this depieaslen of force tlien* is desiiw 
fur sloop, and with perfect rest in a warm air there is return of anlttial heali 
but iho r(^lurn js very slow, the space of time mpiiwid to bring Imek the t 
natuml lioiit hmiig from three to four times loager than that whieh was 
quired to roduifo It lo the minimum* 


111 tmwo duel imiiotiH of temperature the orcltnaiy of the ei- 

air piny an important part as rifards dnratiim of tu^iaHenSi mi to 
'i^^Sirient m regards ox Ironies of iuctuatiimi 

jm introduction of aiaohol into the body in fteq^TOat mi miU mwm^ 
^ the^stag^ of true intoiicatimi, Is aHmiM 

lri» of temponituro limited to m& mi ahatt imm k 

. ‘Kie effect is dednite on the iidinikskiti«, and oiMi' 

, food, after ^ 
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When tho iileolit)lte sleep from otliylic aloohol is pushed to the fullest cxtoiii , 
n very long tinio eIaj)Ht‘8 after perfect nnconMcunisness is cleveloptHl ludou' 11 lo 
respirahn*)^ cirenlatory, and evtai s(»m<j cif ilio Vidiiiitnry musele.s cease to u<'i. 
The movenieni of the volutilaiy umHcleH is ind, however, hy an ae.t of eousci- 
ousnoss ; it is not reflex, and it cannot he excited by tlio ioudu It is usunlly 
an antomatia tuovmiuMd, uinl will continue in the liinhs for a hnig iiinc. At 
last noilimg riJinuiim to give evi<lmn-o of iho coniiininnce of lifcj t\xc(‘|d iho 
motion of the heart and <linphrMgin, llie persistency of the action of which is 
amongst the numt enrions faeiH in physiology, Tlie final act resiH with ilu^ 
heart', Iho heart eon iiunes in eiiutract when the breathing has censed, and 
is found eontraeling on Uw right sidt* in both aurieh^n and ventri<dos, ou 
o|iening the lanly, when all the ouiward indieaiions of motion arc over. 

1 notice particularly ihotprolongetl treniorB do noi- Koem to ho produced by 
othylio aleohoh 

Ilio iip]H^uranc(‘M iinmedhiiely after denih from elhylir^ nlenhol inioxica- 
tbn are very dint i net ive. The hrain is found (‘barged with iluidldood, tho 
sinuses distended witli (fxudatiouof H<pnmi in the vtuitvieles and in the mean- 
bmnos. The small Y(‘shi‘1h of iln^ bruin are gnaiily inject ed. The lungs are 
white, froa froui eongesthm, mid well mflnhal with air. The heart Is full of 
UoikI on both sides, and its iiir-veHscls are engorged. The liver in mitiiral, 
and th(^ gulUblmlder is ind, distended. Tha iunor surfaco of the stonnu^i, 
even wlnm the intoxiiuition is induced by the gradual iuhahiiion of the va|xmr 
or by Muheutninaam iiytadicm, Is very much congested, and a strong odour of 
tha uleahol iK!rvttdos any contents that may bo within tho stomach, Tho 
m normal, and the aliineniary tract below tho sUnnaoh is nmnnaL Tho 
kidneys arc iatonsoly eougestod, Wood oEudiug jh‘ocly from tho cortical paii, 
in points or speks. Tho hlacldor it usuaEy empty, llio blood on the left, 
iS wWl as on tho right side of tho heart, is dark, but on oxposnrt* to nir it 
•odm rodions, and coagulation is dm* The oorpusclos timlergo great clnmgi'M, 
oven before death i thoy arc shrunken, cronate, and some arc elongutiHl nntl 
fiattemd, with irunoated ends. 

BirTYfiTO Awjonon, 

Butylio aleohol, obtained hy frnetlmml distillation fnmi funtd-oil, or from 
th© oil of beet- root, or from tuobmm»« h'ft after dlrtiilhdion of eihylic alcohol, 
di^s, as our Table whows, from cthylie. nlculnd in the proportion of carbon 
hydit^n, Uompared with common alcohol, Uh vnpour-duniity is m 37 to 
88, itn specido gravity is nn •8(18 Ui *7112, and its htnling-point is as 280® F, 
lo i7i^« It is a heavier aleohol i it mixen Indlflerently with watar, hal h§ 
mot unploamuit to take when diluted and aweebmed.^ Applied to thf lip Wid 
tolguo in iho pure state, it hurim mure than Mhylie alcohd, ttd Itloavfi 
ft very peculiar and pndonged locnl nnndmess, net unlike iho aumbmcii left 
hy tincture of aconite. ^Hie kimwleds^i of this fact may pro?© of sotoco in 
ttit apiJioatiou of tho aleoliok for iho local relief of pain* 

Tha phjiiologieal action of butylie alashol is that of athylic i^coliol exert t*d 
Im ft ilower and more markcal depee, and with some lymptoms added. The 
period required fur produeiug iuioxiefttion is full double that refptirc'd hy 
iha ordinary spirit, and tha time required for recovery is longer still. The 
mififtti<mi of temperature mn |mralM with thoio which wo have seem under 
(^ylie ftleohol, and indeed, with the exceprion of time, there is a complete 
pamlleMsm up te tho third degw of mtoxieatian and the stage of recovery. 
In tee third degree, after the temperatee m dfprtiicd to tho minimum of 
titol d(^r®e, distinct tremoie of me appear. They oomo m %l 
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riMii alxmt l\v<i liourH aOi.r tlK> fitvi indifiitionH of ivi-iifi.rv; !m( .) nrrimi of 
Irom ricvon Isi houw in iv(jiiuvtl (n n’htmv llu- Ijodv, I'Vi.n muli.r 
nhlti coiKliiioiiH, tn tile, nsituriil tmiHTiitnn'. hi imc ‘(wc ttioM. i.flrcH ..f 
mlui'tKHi of (<-iniK-ni(nrn wore obM-mnl when fhc cxti'riml of ili.. 

lur wiiH Wi" ,Falir. (2(i:f ‘ 

Knni.if! Atniitot,. 

MTiclnvxoaivli Ims l.i'cn mndo of l„(o pars on (In- plnMoioni.-al lolio,, ..f 

(‘thjllO of couminll iilooho!, TMUoll ('Olltl-oVi'lhV hits foI|o«,.>l ,,M,l 

jiointH uiiHoldoil iiiv i,.„ imim.roUNt.nm'utmn. IVi.nii^ it (ini!.. iinit„'M.it,|,. 
o I'nfor into oiio pmid of ('.niji'ovorny wiilioiii iiivoiviiiff tnv;.,.!)' j„ 
ofliiTM, I (lotomiuiod Hitnjdy to nmko on,, Uw lunv and indonond.-ni in^. 
<iu.n,.a, and (o ,,Ih,-o „n ivaord tin, rnmiltH. What ! Iwvo don,. („ tj„. 

iKum , f (in body during i.xirnino an,! tl... luodo of 

tkail.h wlicn Hut jutnum w (‘amnd to Uio fatal, d,'grc(>. 

On tlio nartiriilnr iiointH of IfinjicrulHrc, { have i,) la-rord thni in Itn* i.ro-. 
groHHivo uiag.'.s ,,! nl<.,.h« i„ iiiloxi,‘ali,>ti; tlin fnrid,-ii,.v in all i. to „ d„- 
t. wm, ,,f anniuil lu-af In th,. j.rogmw towards roiiijdid,, iidovi,.„(ion imdor 
h,nr,.vrr a.lmnnst, 1. iluT,. am. as nndrr , 4, lor, .form. f!,«, diSnrt 

ox, K,. Ill, Id, Ih, 11 1 ,1 „| r.'iiidijnig iiiHcnsil.ililv. and tlm fourth of 
uiroma.iou.Mnrss. wini nlar i.rosl ration, tlic .inndi.m of flu4‘ 
t.au he niodiflrd m thn nm.st rmnnrkaldo miinnrr hy ilm nm,|f of mlminwlrii- 
on ; hnt. wlu.fhrr thoy am ,l,.v.d„i,r,l ami ,...,.ov,.'m,l fro,,. an limir ^ a' 

ihe^j anuthrayn in cn.sfkH wfim* UtiMfyunfifv i«r »i i i 

a S,™?"' !■ lif- » • i\. , 

“if: r';'","'-' 

i ES -''r 
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When tlio alcoholic sloop from ethylic alcohol is pushed to the fullest cxlont-, 
a very long timo elapses after perfect nneoiisciousnesH is tlevelopi'd heloia' the 
roHpiratory, circulatory, and eveu some of tho volnntaiy e(^‘l^so to atd. 

The movement of the voluntary muscles is not, however, by an act of consei- 
oiisnoss ; it is not reflex, and it cannot ho cxeilod by tho touch, it is usually 
an automatic movoniont, and will continue in the limbs for a long iiine. At 
last noibing romaiiis to give cvidiuu'o of iho coniimnnioo of lilb (except tho 
motion of tho heart and diaphragm, the p(‘rBisiency of the aciioti of which is 
amongst tho most curious facts in ^hysitdogy. Tlic final act 3'est^s with iho 
heart ; the heart contiuiios to coutw.t when tho breathing has censed, and 
is found contracting on tho right side in l)oih auriolcB and ventricles, on 
opening tho body, Avhon all tho outward indications of motion arc over. 

I notice particularly that prolonged tremors do not seem to ho produced by 
othylio alcohol. 

Tho appearances immediately after death from eihyltc alcohol intoxica- 
tion aro very distinctive. The brain is found charged with fluid blood, tbo 
sinuses distoiulod with exudation of surum in the vcrntricles and in the mtan** 
hranea. The small vessels of tho brain are greatly injciet.ed. The lungs are 
whito, froo from oougoHlkni, and well inflated with air. Tho heart is full of 
blood on both sides, and its air-vessels are engorged, Tlie liver is natural, 
and tho gull-ldudder is not distended. Tho inner surface of the sl-oiiuKh, 
even when tins intoxication is induced by the gradual inhalation of the va|K)ur 
or by suheuianemm injection, is very much congested, and a strong odour of 
tho alcohol pervades any cmitontH that may bo within tho Htomaoh. Tho 
spleen is normal, and tho alimentary tract below the Btoniaeh is norniuL Tho 
kidneys are intensely oongosted, blood oxtiding freely iVom tho cort ical part, 
in points or spoolcs. Tho bladder is usmdly empty. Tho blood on the loft', 
m wdl as on tho right side of tho heart, is dark, but on exposure to air it 
soon reddens, and ooaguktion is firm* Tho corpuscles undergo great ohangcH, 
oven before death j they are shmnkon, oronate, and some arc (dongatc'd micl 
flattened, with truncated ends. 

Butylic Alcohol. 

Butylio alcohol, obtained by fractional distillaiion from fused -oil, or from 
the oil of boet-root, or from inohmBca left after distillation of othylio alcohol, 
differs, as our Table hIiowb, from e.thylic alechol in the ]u’opartion of ourboii 
and hydrogen. Compared with <*ornnum aiooholJiB vupour-ileiisiiy m as to 
S3, its specific gravity is as *803 to *7D2, and its boiling-point is ns 230® I*, 
to 172®. It is a heavier alcohol: ii mixes iiulifletnmily with water, but k 
not unpleasant to take when diluted and sweetened, Applied to Iho llpi and 
tongue in tho pure state, it IntriiH niort^ than ethylic alcohol, and it hmm 
a very peculiar and prolonged local nunibtiM, not unlike the numbnais kfl 
by Unoture of aconite. Tlio knowledges of this fact may prove of larvice in 
the ap]^ioation of tho alcohols for the loc^l relief of paiu. 

.. Tho physiological action of butylio alcohol is that of othyUo alcohol exerted 
in a slower and more marked degree, and with some symptoms achlcah llio 
period required for producing intoxication is full double that rrHjtiii’cd liy 
the ordinary spirit, and the time roeKuirad for recovery is longer still. The 
Taxations of temparatnro run parallol with those which wc have Been under 
ethylic alcohol, and indeod, with the exception of time, there is a eoni]dete 
pamllelism up to tho third degree of intoxication and tho stage of riCDvery* 
In the third degree, after tho tempratur© is depressed to tho minimum of 
that degree, distinot tremors of tib musolw appear. They oomo on al 
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regular intervals spontaneously; l)ut tluy can be cxeiiecl by a ioiicli ai any 
time, and in iho intervals, wlieii ilicy arc absent, tlicro is frequent- twitching 
of muscles. The tremors themsclvos uro not positively muscular contrue- 
tions, but are rather vibrations ibrougli tlio whole niuseiilar systiun, and aro 
connected with extreme want of true couiraeiilo power. While they are pre- 
sent the tcmpcu'ntnro declines, and a (litlereiico of a lull half degree may he 
observed both before and after each part>x 3 ’‘siu. WHuni the t.renn»rs are once 
cstublisbod, iho^^ may continue *witbout further administration of uleobol for 
ton and twelve hours steadily ; and so slowly do they ch^cliiuv Ibat I have stum 
thorn occurring in the pigeon thirty-six hours after iho intoxication. They 
subside by remission of intensity and prolongation of interval of ot*euiTcnee. 

Thero cannot, I think, be a doubt that ih<‘sc tremors, prodnctal iti atiimals 
by the heavier alcohol, aro identical with the tremors obaorved in the human 
subject during the alcoholic diseaso knowm as deUnim tmwm. What the 
nature of the muscular movementis, what unnatural relationships exist between 
tho nervous system, the muRolcs, and the blood to cause tbcm, these aro ques- 
tions of singular interest. Involuntary, developed even against the will, ex- 
cited by any external touch that sots up prostration, attended with great 
reduction of toinpcralnre, and remaining so long as the tcnipiwaturc is low, 
thoyindioato cloarlj’- an intense depression of animal force, a conditiou in which 
all the force tlmt rom<‘iins scorns to bo expended on tbo organic acts of life, 
on tho sn 2 q)ort of tho moiimiB of iho heait, tbc muscles of roBinration, and tho 
functions of tbo Hccoiming glands. The voluntary systems of norvo and musdo 
are indeed 'well nigh dead, and recovery rests entirely on tho nuiinteaanco of 
tho organic nervous ijowor. 

In tho oxtromo stage of intoxication from but^dic alcobol tb('. arterial 
blood loses its red colour, and iho blood, wbi<di flows with difllculty from^ 
veins, is of dirty hue. Coagulation occturs readily, but tho dot is loos(», and 
yields much coloured sorura. Tho corpuscles arc fdoscly massed together iu 
rolls, several appearing as if they made one distinct column. Tho ibrin© 
in masses or bands, forming a coarse not\vork or mesb very di- 
stinotiTe in character. 


Anmo AicoEot. I 

1 have already reported,* at tho BiiWngham Mooting of the AsHociiEicn, 
on amylic aloohoL In its effects, ’as^ k reference to my Beport will show, it 
difcTs only from butylio alcohol id' that tho symptoms are even more pro- 
longed. Tho tremors arc most persiktd:dt,' and complete recovery, as indioated 
by restoration of the natural temperature, is not often attained in a shor tar 
interval t.haii^tlrrec days. At the same time, owing probably to tho emnpara- 
tivo insolubilit;f'o<this alcohol by the blood, it is very difHoxdt to destroy lito 
with it by simplo ^dual administration. "When to the ordinary obaerver 
recovery scems^ imposbiMe, when there is perfect insensibility, whon ther© is 
perfect paralysis of, voluhl^y musole, when even tremors cannot be excited, 
and when tho only ovidenb^of life is a feeble rcspmtion at intervals of 
many seconds, redoveiy may V hiade certain* 


Beviewing the alcohols as that 

less extended in regard to ' partiq ' 
tended than the insoluble hydrii 
eerebro-spinal centres, reducing tl 
tt last so reducing the function' 5f 
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sciousness altogether. The leading peexiliarity of the action is the slowness 
with which those centres which supply the heart and diaphragm with power 
arc uflected. ^ In this lies the comparative safety of alcohol ; acting evenly and 
slowly, the different systems of organs fail together, with the oxcei)tioii of 
the two on which the contimianco of more animal life depends. But for this 
every deeply intoxicated man would die. 

The alcohols arc strictly annesthotics ; and indeed the first published case 
of surgical operation under anmsthctic sleep was performed, in 1839, by Dr. 
(Jollier on a person who was rendered insensible by breathing the fumes of 
alcohol. But the anaisthcsia is not coiumondable ; it is too slow and too 
prolonged. Methylic alcohol, if it could he entirely purified and made inodo-* 
rotis, might be used; and with methylic other it would be one of the safest of 
agents ; but as yet its inhalation is disagreeable. 

The difference of action of the alcohols, as they ascend in the series and as 
the carbon increases, is most striking. The slowness of action, the prolonga- 
tion of action step by step, from the lighter to the heavier compounds, is a 
fact as definite as any in physiology. Curious is it also that neither 
the methylic nor the ethylic alcohols iiroduco those tremors in the inferior ^ 
animals which wo recognize and specially name from their occurrence in 
man ; while the butylic and the amjiic most ofrbcti^Tly call thorn forth. 
Considering how much of the heavier alcohols is distributed for consumption, 
e8j)oeially among the lo-wer orders, I think it is possible that the heavier 
fluids may also be the cause of delirmm trmens in ilio human subject, as they 
are frequently the cause of tlxat continued coldness, lassitude, and depression 
which follow the well-known dinner with bad wine.’’ 

Speaking honestly, I cannot, by any argument yet presented to mo, admit the 
alcohols through any gate that might distinguish them as separate from other 
chemical bodies. I can no more accept them as foods than I can chloroform, 
or ether, or methylal. That they produce a temporary excitement is Iriux ; 
but as their general action is quicMy to reduce animal heat, I cannot boo 
how they cun supply atiimal force. I see clearly how they reduce animal 
power, and can show a reason for using them in order to stop physical or 
to stupify mental pain; but that they give strength, c, that they RU])ply 
material for construction of lino tissue, or throw force into tissues supplied by 
other material, must be an error as solemn as it is widespread. 

The true place of tlie alcohols is clear; they arc agreeable temporary shrouds, 
Tho savage, with tho mansions of his soul unfurnislKMl, buries his restless 
energy under their shadow. Tho civilized man, overburdened with mental 
labour, or with engi'osvsing care, Koeks the sanx<j shade ; but it is shade, after 
all, in which, in exact proportion m ho seeks it., th<> seeker retires ibom per- 
feet natxiral life. To search for force in nicoho] is, to my mind, e<iuivalcnt to 
the act of Bcekijig for tho sun in subterranean gloom until all is night. 

As 5*ot alcohol, the most conunonly sunimoued of accredited remedies, lins 
never been properly toslod to meet human diseases. I mean by this, that it 
has never been tested as alcohol of a givtm chemical composition, of a given 
purity, and in given measures. Wines, boors, spirits, arc mixtures — com- 
pounds of alcohols, and eompoxinds of alcohols with others and other organic 
substances. It is time, therefore, now for tho learned to ho precise rcs])eeiing 
alcohol, and for tho learned to learn the positive meaning of one of their 
most potent instruments for good or for evil ; whereupon I think they will 
place the alcohol scries in tho position I have placed it, even though thoir 
prejudices in regard to it arc, even as mine arc, by moderate habit and 
confessed inconsistency, in its favour* 
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THE CIILOHIDES. 

I have ill previous Reports brought forward the proportios of the ehloridcs 
of methyl and ethyl. The first is an admirable anmslludie, wh(3U inhaled in 
the proportion of 15 per cent. : it ranks in safety next to nicthylic ethevj and 
a coinpomid made of it with ahsoliito othylic other is poiToct. Jhc objccUou 
to it is that, being a gas, it is not easily manageable. 

Chloride of ethyl stands in the same position as cdiloride of nudhy] ; hut 
ilia action of it is niuoli more prolonged, and a longer iimo is roqtiiriMl for the 
production of action. With absolute ether it forms an excellent eoiupouuil, 
the objection to which is, simply, its instability. 

The chlorides of butyl and amyl have an action so imicli alike that they 
may he taken together ; both are simple and effective umnstheticH, and bot.li 
are pleasant to inhale, the butyl chloride being most agTc«d)le, ^ 

The peculiaiity of their action is that the sleep they iiuluco is exirenudj 
prolonged, this being specially the fact with chloride of amyl. Pigeons when 
put to sleep by breathing ten per cent, of chloride of amyl pass slowly through 
the three degrees of ancesthctic insensibility easily and without tu)uvuLsiiui, 
1)ut invariably with slight vomiting. Prom ten to t^\^dvo minutes of itihahi- 
tiou are required to produce poiToet sleep, and the temperuturo of the body 
falls full four degrees. The sleep onco produced Avill continue in the common 
air at 70°Pahr.for fifteen minutCwS profoundly, The awakening is quick, and 
recovery is perfect. 

In rabbits the action is much the same; seven minutes arc riuiuired to 
produce safe narcotism, and the sleep produced is very profound. Tlu^ 
breathing is tranquil, and the eyes, as is the case from amyh‘ne, tisually n3« 
main open. A rabbit will lie five-and-thirty and even forty inimiteH in 
this state of insensibility before showing signs of n^eovciy, and the l<an- 
peratiiro will fall from 3° to 4° Pahr, If the inlmhition bo carried too far, 
the profound sloop I have mentioned passes slowly into death, the sh^cp 
"bemg prolonged in idio common air at 70® Pahr, a full hour and a half prior 
to death. During this time the respiration for the most part is natural, with 
occasional douhlo breathing ; but the temperature of tlui body is all the 
while gradually declining, and is even reduced, while yettlionniinal is hreiith- 
ing, to 21® Pahr, below its natural standard. Thus in one cuho the t.iun]Jcrattir6 
of a rabbit fell from 103® Ihihr. to 82® Pahr. This is the lowest rtid notion I 
have scon in connexion with symptoms of living atjtion ; but from this r(‘ma 
condition recovery is possible if the respiration bo sust-aimnl in n wartu air. 

After death from the chloride of amyl the heart is found c.liavgcd with 
blood on both sides, and the action of tho auricles and vontriclcH is long per- 
sistent. The blood is very slow to coagulate ; hut the venous and jiricrial 
bloods rotain their colour, Tho lungs mo natural. The blood- corpus(?li»8 are 
much changed ; they are shrunken, Ull^to, and elongated, with truncated 
ends, ^ ^ 

Tho brain is left bloodless and of tho purest white. 

Fott 3 02^ SHE CirLOEtnns, 

The whole of the substances in the chloride sorios are simple and pure anscs- 
ihetics, and the power of their action obviously increases in proper tion as there k 
increase of carbon. They act most readily and doteminataly on tho oorebrum, 
and on the centi«s of volition and common sensibility. They have Mttla action 
on the organfe nervous system, and they mtorfero, even in f\M doses, hut very 
;gradxxally ^h the movements of the j; and respiration. The ©hldMei 
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of butyl and amyl have yet to take a very imiiortant part in medicine ; they 
admit of being applied in many cases where a prolonged sleep is required ; 
for this purpose they may to a considerable extent replace opium. 

THE IODIDES. 

The action of the iodides of methyl and of amyl have already been reported 
on : they both produce insensibility ; the first causing free elimination from 
glands, and the second causing tremors resembling those induced by amylic 
alcohol. 

The iodide of ethyl resembles the methyl compound closely in its action, 
but it produces sleep more quickly and with less irritation. The vomiting 
produced by it is sovore, and its action, if carried to the production of insen- 
sibility, is not comfortably safe. It may be administered either by inhalation 
with ether or by subcutaneous injection; it brings down temperature six 
degrees in birds. The iodide of hutyl is very slow in its action, and produces 
symptoms closely resembling those caused by the amyl iodide, viz. tremors, 
and, during recovery from the insensibility, motions, partly voluntary, in a 
circle or semicircle, which continue for a long period. The temperature fa.lls 
under the influence of this agent from five to six degrees in pigeons, and from 
two to three degrees in rabbits. The colour of the blood is much heightened, 
the venous appearing as arterial blood, and the coagulation is very slow. The 
corpuscles are not injured, and show no disposition to coalesce. Itocoveiy 
from the insensibility produced by the butyl iodide is good. The iodide may bo 
administered by inhalation with ether or motbylio alcohol, or by subcutaneous 
injection ; and it has this advantage, that of all the iodides it shows least dis- 
position to undergo change on accidental exposure to the air. 

Note on the Iodides. 

The substitution of the element iodine in the organic bodies, marked in our 
Table, induces evident difference of physiological action. The action of the 
iodine is throughout on glandular structure, an excita^on of glandular action 
and elimination, the action declining as the quantity f iodine is reduced. 
The whole of these organic iodides exert an eliminatory Veil as an anodyne 
influence, and for this reason they promise to be of great wioe in medicine. 
Iodide of butyl will probably bo found to bo the best of the" series. 

' To make them applicable as internal remedies, I have >studicd carefully 
the best mode of preparing them, and find tlio form of syrup by far the most 
effective and convenient. Bpeoimens of syrups are before the Bcction, 

PAPtT II.— MEANS OF BlilSTOIlATION. 

The second and concluding part of my lloport has reference to the all-im- 
portant question of the best means of meeting what seem to bo fatal accidents 
arising from the administration of those agents which aro most commonly in 
use. In this direction of research I have had unexampled opportunities of 
study, and I regret only that the length of my Boport necessitates an undue 
brevity on this one particular topic. 

The substances which commonly produce dangerous symptoms divide them- 
selves into two classes, — those which produce prolonged intoxication, and 
those which produce quick insensibility and immediate death. The alcohols 
aro illustrations of the first of these series ; the chlorides and others, and, 
indeed, all the very volatile and gaseous narcotics, arc illustrations of the 
second, 
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Bespccting tlie means of recovery from the intoxication by the slowly acting 
narcotics, the rules are extremely few and simple : they arc two only, and they 
include all ; they are (a) exposure of the animal to warm air, and (h)^ in 
extremity the steady and efficient maintenance of artificial respiration. 
When those rules arc rigorously followed, death from the profoundcst intoxi- 
cation is rare. This remark applies even to those extreme examples where 
there arc tremors of muscles and all the signs of instant dissolution. The 
tomperaturo of the air should be, as a rule, about ton degrees below that of 
the natural temperature of the animal. But in intervals of gr(*at dopression 
the temperature may be raised to ton and even twenty degrees above iho 
degroG of temperature natural to the animal. 

In regard to recovery from tho extreme and sudden efibets of the second 
class of substances, moderate warmth of air is again an advantage ; but 
sudden extreme warmth is often fatal, from the expansion of gaseous matter 
in tho lungs. .“Prom 60° to 65° Fahr. is the best tcmperaiiiu'c for recovery 
from the more volatile agents. 

In both classes of cases artificial respiration is often all essential* but it 
may be used to kill as well as to save, unless it always bo used with a perfect 
knowledge of what it is to do. 

And this I find to be a rule ha\dng no exception, that it is always bad 
practice to excite artificial respiration so long as there is anything like a 
natural respiration. If the subject bo breathing once in ton or oven fifteen 
seconds, it is best to let well alone. Tho reason for this rule is simple, and 
rests on tho fact that tho balance of circulatory and respiratory power must 
be sustained. In health there is a nicely adjusted balance of prcBsuro 
tweon the blood brought by tho action of tho right side of tho heart to iho 
lungs to ho aerated, and the air brought by tho muscles of respiration to effect 
aeration. To resort to any violent moans to enforce respiratory movement is 
to destroy this delicate balance, to cause rupture of tho air-vcsiclo, and infil- 
tration of air into the surrounding tissue — emphysema. In brief, when the 
current of blood passing from tho right to tho left sido of tho heart is 
reduced, as it is in tho cases wo are treating of, to tho extreme of debility, 
the point of practice is to bring back the respiration and tho <dretdation toge- 
ther. Wo must treat the body, in a word, as we would a candle or lamp, tlio 
active flame of which is extinguished, but tho wick of which is still burning 
without flame. It is also important, in performing this act, not to disturb 
the body by any sudden movement, for the least motion, when tho circulution 
is ebbing, is often sufficient to stop the enfeebled and hesitating heart* 

To meet those refinements in tho method of restoring animation, I Imve 
invented the simple pocket-bellows which I pkco before you ; tlu^y are made 
of india-rubber, and tho beBows paid consists of two round balls, wluch can 
be grasped by one hand. When tho bellows are compressed, the ball on the 
right-hand sido yields the air it contains to tho long exit-tubo, while tho 
ball on the left hand yields tho air it contains directly to the outer atmo- 
sphere. When tho bellows are allowed to fill with air, tho right bull fills 
directly from tho pure air, the loft from the long exit- tube. When, then, 
the long' exit-tube is inserted in the nostril, and the bellows are worked 
together, one bellows fills the lungs, during compression, with pure air, the 
other empties the lung, during expansion, of impure air. Thus the natural 
conditions for breathing are carefully imitated, and the manipulation is 
simple to the last degree. In using the bellows I commonly leave one nostril 
^uite open, putting the tube of the bellows firmly into the other. Then I 
oommenoe gentle inflation, and continue until such time m the action of 
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ilio heart has ceased, and all further attempts are useless, or until there is ’ 
evidence of natural respiration. But when there is once evidence of natural 
respiration, I am. specially cautious to do no more unless the natural act 
should of itself cease, when I repeat as before. In all my experiments I 
have never seen the respiration cease after it has been restored, except in one 
solitary case, and then the relapse was prohaby due to injury due to forcing 
the artificial respiration too strongly at first. On the other side I have fre- 
quently seen the continuance of artificial respiration, after the establishment 
of natural respiration, from the doing too much, destroy efiectiially the good 
which had previously been accomplished. 

With this convenient instrument, after cessation of breathing by any 
of the narcotic vapours not heavier than chloroform, life seems to me to he 
restorable in a large majority of cases, if the respiration he artificially com- 
menced within three minutes after its cessation. 

CONCLUSION. 

I have thus, Mr. President, brought my labours this year to a close. Had 
time been permitted for further research, I should have entered upon the 
study of one or two now series of bodies ; but the labour must he held in 
reserve. 

We cannot pretend in Reports like these to vie with our more fortunate 
brethren in other departments of science. The physiologist has no ground of 
pleasant work in common with the astronomer, the geographer, geologist, 
ethnologist, or chemist. His researches are hard (unrelenting I had almost 
said), excessively minute, laborious, and at all times, however absorbing, 
painful ; many of them can, in fact, only be carried on under a sense of duty 
amounting to necessity, and with the sincerest, the most solemn feeling that 
they are being conducted for the ultimate benefit of all the higher classes of 
animal existence. In the preparation of this Report I have held on through- 
out by this sense of duty, aud earnest faith that good must come out of the 
^ labour. 

One object which I had directly in view has been to introduce certain new 
substances which may be directly applied in our treatment for the euro of 
disease, or for relief of pain ; another object has boon to discover the best 
means of removing danger, from the use or abuse* of some of the more 
potent agents ; hut the leading idea of the Report is that which I brought 
fmward at the Birmingham Meeting — ^tho idea of studying iho action of 
substances which are to become remedies, not by the old and faulty method 
of so-called experience, hut by proving physiological action and the relation 
of chemical constitution to physiological action. I am certain the time must 
soon come when the books we call Pharmaco|)0Dia8 will bo every whore re- 
constructed on this basis of thought, and when the chemist and physician 
will become one and one. That this huge reform may he commenced by 
order of the legislative authorities in tins country is to mo an earnest hope. 
But whether this shall he the final result or not, I shall always recall, with 
satisfaction, the remembrance that the idea of the reform and the first work- 
ing of it began in England, and under the auspices of the British Association 
for the Advancement of Science. 
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On the Influence of Form considered in relation to the Btrength of 

Railway Airies and other portions of Machinery subjected to rapid 

alternations of Strain, By F. J. Bramwell^ (IE. 

[PMos in.&IV.) 

Before the days of railways, wlicn not ouly was tlioro mnoli loss maclunory 
on which to foxiiul obscrvalions, hut such luneliiiK'ry m ihoro was was 
worked under far lighter sirainn and with iar lower altt‘niation« of tliono 
strains in a givou tinie than the machinery of iho pixwiit day k sn])jo{*tod 
to, the quobliou of the iullucuoc of form w'as not an obUusi\<' ono ; and, in 
fact, so long as tlio weakcbt pari of any piece of maebinory, siieb an a sbaft, 
had tho sectional urea due to the elEcient rcbistauco of the Htrainn that lonhl 
bo ascertained as coining upon it, little or no attention wnn paid to 
manner in which this smallest sectional area was to he associatc'd with <'n- 
largemonta formed for tho purposes, in the case of Hliafts, of rt'Celviug u htudu 
or of acting as collars. 

As an instance of this, few engineers in the jirc'-railway days would have 
hesitated to make a cast-iron crunk-shaft for a Hbsim-engine in tho mantuT 
shown in fig. 1, Plato III. They isould have taken care to giv<^ tlm boariugs 
(or journals as tlu‘y arc called) A A such a diameitT ns was judgxsl to bo mifii- 
cient, having regard to the area o£ the piston, llu‘ j)reHHnre, and tho lotigtU 
of stroke; hut they wnnild have made tho body ])art, B, o! the shaft and tho 
Gtid, C, in tho oyo of the crank of a iimch larger section than that of the 
bearings A 2 \, would probably have made these ])nrtM summs and would wit bout 
hesitation have formed tho junctions of tho small parts A A with the larger 
parts B and 0 abruptly with right anglen, ns drawn in full line's, and with* 
out any attempt to ease of iho change in form hy a bold curve, m ahoTO 
by tho doited linos. 

Tho square shoulder would be left, in order to got a good cmclwny Imnring 
against the sides of the suworting brass ; and few, if any, engineei*H in those 
days would have imagined that if the beax’ings A A Were enough, tho 
making tho sliaffc at B and 0 of a greatly increased seciioii, iind tho making (ho 
junotions of thoso sections ’t<<^iih the sections A by right angles, <’ould in any 
way bo prejudicial to the sbrongth of tho benrings A A. TTie ojiinicm was 
(and, on tli 0 face of it, by no means m unreasonable opinion) that if tho 
bearings A A were strong enough, tho fact of any noighbotiriug part being 
stronger eoxild not^ in any Way detract from Ibt^ vnhio of A A. 

Occasionally, however, there were occurrences whieti might Imve armised 
attention, but which, it is believed, wove allowed to pass by, bettxg tu'cepted 
as mere workshop acoideUts, and not thought wortlxy of inquiiy hy the 
slrilled engineer of the timO; and still less were they trout(*d m problinns to 
bo solved by scientific men outside tho profession of etigineeriiig. 

Big. 2, Plato III., illustiltos one of those occurrencWi. It shows a form of 
eccentric rod commonly then in use. In such n rodti^s ends A A werc^ maths 
of long screws to carry nuts to tighton against thi lugs of 1 h® eccesntrio 
band, as shown dott ed at B B ; those ends (A A) wore forged in short. Imsgtlm, 
say, from 0 , and after having been turned at the pegrt A A emiseiwed, wero 
welftild at C to tho body of tho rod. 

It was by no means a common thing, Tbtt ihSit, 

in the act of making the wold at C, the mmisA ^ UtitfmA « l/b B close 
to tho enlarged part withott any hloW.whatovcf Sfttrig Soon stnxok Wpon 
the end. It has been said the oooTOend#4|i^ nct a common onei but it was 
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suspended bar of uniform sectional area an its body part, and let fig. 8 re- 
present another suspended bar of the same sectional area at its lower part as 
the bar of fig. 7, but haying an increased section at its upper part, such in- 
crease being abruptly made ; then, if these two bars be supposed to be sub- 
jected to equal loads, there will be more strain at the outside of the smaller 
prfrt of tlio bar fig. 8, say at A A, than there is on any part of the uniformly 
HHuill bar fig. 7. 

Assume that the bars arc composed of a number of equally elastic pa- 
rallel columns (and to get rid of any question of wbat may bo called the 
natural fibre of wrought iron not Mlbwiag the outline of bar fig. 8, let it be 
supposed that the bars are made of east iron or cast steel) ; now if these 
elastic columns are capable within certain limits of equal increase of exten- 
sion with equal increments of load, it follows that if the bar fig. 7, when 
unloaded, wore to have a horizontal line drawn across it, as at xy, and the 
bar were then to he loaded, the rcs'ult would be to lower this line to the 
position a?' y', the line still being horizontal. 

In fig. 8, howeyer, where the wide upper pant contains a greater number 
of such elastic columns than its lo\ver part (or than the bar of fig. 7 con- 
tains), then if the horizontal line -wore in the unloaded state of the bar 
drawn at ivy (the part whore the dimensions abruptly change), and if the 
loud w^erc ai‘t('rwards applied, ,ry could not ho drawn down so groat a dis- 
tance as in the cjase of the bar fig. 7, because there are more elastic columns 
on the iij>per part of tlic bar fig. 8 to uphold the load than there are in the 
bar tig. 7 ; and, moreover, ,vy could not he drawn clown so as to preserve 
its straight uc^sH, unless it could be assumed that the elastic columns at the 
sides of the wide upper part wore equally extended with those in the middle ; 
but it is obvious that these outer upper elastic columns, not having any 
columns bedow to pull them, can only be brought dowm by their lateral con- 
nexion with the neighbouring upper elastic columns ; but this connexion being 
in itself clastic, the eftcet can only bo to draw the outer parts partially down, 
and thus to cause the lowered lino o) y to assume the curved form of cc* y\ Now 
it will be seen that this curved form of the line ?/' involves the outer clastic 
colmtiiis being more extended than the iuternal columns of the lower part 
of the bar ; but as the strain on the elastic columns may he ascertained by 
referring to tlioir (extension, this proves that the strain is not uniformly clistri- 
huted, as in the case of tlie bar fig. 7, and that the outer elastic columns of 
the lower i)art of the bar fig. 8 are more strained than the columns of fig« 7, 
and still more strained than the. internal columns of fig. 8. ^ 

An eiuhnivonr will be made to explain and ostaldish this proposition by 
the diagrams figs, 0 & 10. In tlu^so diagrams th(\ cross bur 3^ B is taken as 
the equivalent of 11 lateral connexion which exists among the clastic columns 


in ilui bars figs, 7 Su 8, 

Let fig, 0 nqirosmit tbr(‘e spiral springs, A A A,misp(mdod at equal distances 
apart, and attached at tlio bottmn to the bar B hinged in the middle, and let 
(10 0 be Ibree other similar spiral springs attached at their upper ends to 
the bar Jl, and at/ their lowin’ to a ])erfoctly rigid bar 1) carrying the load L. 

Under hucIi an arvangenKmt as this the load would bo uniformly distri- 
buted, and the result ^vould bo simply to stretch the springs equally and to 
.lower the parts B and U from their original positions indicated by^ the 
lim^B. Now let it bo assumed that, as in fig. 10, two other springs,^ 
^»^cach wpial to one of the s]>nngs A, have been alongside of 

"il^havo been attached to the outer ends of the hinged bar B, and 
heem ajqfiiod to the bottom bar D as before j the result 
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of such a construction would be to pull down the hinged bar B, no longer in 
a manner to preserve its horizontaUtyj but to bring it down in a bent torm, 
and thereby to cause less of the load to he carried by the^ middle lower 
spring 0 than its fair share of one-third, as carried by the middle spring of 
fig. 9, and to throw of necessity this deficiency as an extra burthen upon the 
tw’O outer springs C C. 

The writer trusts he has succeeded in making his meaning clear, and has 
proved his proposition that, even under a quiescent load, a sudden inoroaso of 
dimension in a suspended bar carrying such a load is a source of weakness. 
If the writer has not succeeded in making his meaning clear, he^ is at a loss 
how to illnstrate it further, unless it be by some snob proposition as this. 
Assume 100 men opposed in line to IBO men also in line, then the conflict 
wonld be equal for all ; and then assume that one of the contending parties is 
increased to 102 men by placing one man on each flank ; the two men will 
clearly exert but little influence upon those who are fighting in the centre of 
the lines, hnt their presence will be most injuriously felt by the twu flank men 
of their opponents, as these two men will each have to contend with two 
adversaries in lieu of one. In the same way the internal elastic columns 
in the lower part of the bar fig. 8 have only similar fibres to deal with up 
above ; but the external fibres of the lower part have not only fco deal with 
their own proper continuations above, but have also to deal with the fibres 
above them in the parts projecting at the sides. 

The second proposition comes now to be considered, namely, the influence 
of the abrupt change of form when the force of impact has to be resisted by 
the elasticity of an assumed imponderable bar. 

Let B, fig. 11, be a plain bar of uniform section in its body part, but with 
an enlargement at the top to enable it to be suspended, and with one at tho 
bottom to receive a collar, B, on which the weight, W, is supposed to fall 
through the distance A B. 

The bar D', fig. 12, is assumed to have in its body part four times tho sec- 
tional area of D, but to terminate at its bottom end in a short pfece E, 
having a sectional area equal to D, or one quarter that of the upper part, D'. 
This bar, B', is also provided with a weight, W, falling through A B on to the 
collar B'. 

Fow let the spring arrangements of figs. 13 & 14 be substituted for the 
bars D and B'. 

In fig. 13 there is a single spring B suspended from a sxTpport, and carrying* 
a collar B on which the weights can strike on falling through tho distanco 
AB. 


In fig. 14 there four suspended springs, B'B'B'B', each equal to B of 
fig. 13. These springs are supposed to be united at their lower ends to an 
absolutely inflexible bar X, below which is a short single spring 1^], similar 
in area and strength, so far as it goes, to either of tho springs B, B'. 

This spring, E, supports the coUax B', to be struck by tho weight W on fall- 
ing through the distance A B equal to the A B of fig. 13. 

Xow if, as in any of these figs. 11 to 14, the weight W be sufiered to fall 
through tho distance A B, the accumulated work residing in it when it 
reaches B will equal the weight into the distance. 

Let this accumulated work be represented by the parallelogram 16) 
ABWW. ir . .. X & V » ^ 

This accumulated work it is intended, in the case of fig. 13, to trans^pF 
the spring B, by the extension of that spring ; but as the resistanegPir 
by the spring will increase directly as the extension of it, the e|pp|r 
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spring to receive accximnlated work may bo represented by the triangle fig. IG, 
whero ah represents the extension, and the several horizontal linos rcijrosont 
tlio strains duo to the different extensions, the strains increasing from 0 at 
‘‘ a ” to h w ; and in order that the accumulated work represented by the 
ptirallelogram. A-BW may be transferred to the spring, its extension must 
bo such that the area of the triangle ahw shall equal that of the parallelo- 
gram A B W. The maximum strain brought on the spring under these eir- 
cumstancoB will clearly bo no more than that represented by the length of 
the horizontal line 6 itj. 

Now assume that the area of ABWhas to ho transferred to the four 
.springs I)' of hg. 14, it is clear that only oue-fourth of the area will have 
4-0 bo borne by each spring, and the triangle representing the extension and 
strain of each of the springs will only have ono-foiirth of the area of that of 
ahw* 

Let %, 17 represent such a triangle, then, in order that its area may be 
One*-fourth, it follows that it.s sides must each be half of those of the tri- 
angle a h tr, ihat is, the lengih of a I, the extension, wiU be half of a 5, and 
the Icngik of I m, the final strain, will ho half that of h tv ; but if this ho true 
of each of ike springs I)', the aggregate strain on the four springs must bo 
double that of the strain on I), 

But this double sixain has, in the case of fig. 14, to bo put on to the four 
springs D' by nicnns of the short single spring E, therefore this spring, which 
is e<pial to 1), will bo put to a sixain twice as much as that put upon J). 

B* may bt) well to remark, in pa.ssing, ihat the fact of the idtimato strains 
put on in arresiing the acciirauluted work being double in the case of fig. 14 
to tbosc of fig. IB, alt bough the weight is the same in both cases, is by no 
means inconsisfimt with the fact that when ilio springs are settled to rest 
and are supporting W as a quiescent load, the sum of the strains of the four 
springs 1)' must exactly equal ihat of the single spring I). 

It 1ms not been thought necessary to take into account the small increase 
in the fall of the w^oight W, duo to the lowering of the colLirs B B' on the ex- 
tension of the springs. 

There now comes to bo considered the third proposition, that change of 
form produces increased strain under impact., when the weight and inertia 
of the object suffexing the impact are taken into account,^ 

It is quite ctniain that in praet.ice, whore a falling weight is arrest t'd by a 
collar B or B', the aecuniulattnl work of ihat weight would be ])artry taken up 
by the elasthity of the bar 1) or 1)', and would be partly taken up by tbo 
sotting of the paxtieloH of the bar itself into niotion, such motion being 
greatest at the bottom of the bar, and dimiiiishitig in the higher parts, until 
at the top of the bur it. wotild beconu^ nothing. 

lliwerting to figs. IB, 14, 1(1, ^17, let it be nssnintHl, for the sake of 
Himplielt.y, and as an illust rat-ion only, that all the weight, of the apparatus 
remdoB in the collars B JV, mil that, the collar B' of t.ho four-spring arrange- 
ment, fig. M, is four times as heavy as the collar B of the single-spring 
arrangement, fig. IB. 

Further, nu'crting to fig. IG, the weight W would bo brought to rest in the 
time during which it would traverse with a decreasing velocity the height 
and in fig. 17 the weight would bo brought to rest in the height a/, half of 
of a h ; and the time to bring the weight W to rest in tliis lat.tor ease of 
^^U7 would bo half that required to bring it to rest in fig. IG. 

^%LWing this out, if the lines ah^al be divided into t.h(3 same inntibcr 
^%^t^say ton each, t.hon the time to travel over parU in fig. 17 
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must be half that required to travel over part 1 iu fig. 16, and the length of 
part 1 in fig*. 17 must be half that of part 1 in fig. 16. , . . 

But the respective coUars (BB') must have their weights put into motion 
with these velocities, so that the weight B' has to move through half of the 
space that B has to move through, and has to do it in half the time ; but to 
move a weight through half the space that another weight is moved through, 
and in half the time occupied by that other weight, requires double the 
pressure ; therefore it would take double the pressure to move B' that it 
wild to move B, even if B and B' were equal in weight; but B' is four 
times the weight of B, therefore it mil take eight times the pressure to 
move B' that it will take to move B, and in this case also the eight times 
the strain has to be put on by the single spring E, which thus gets eight times 
as much strain as the spring D. 

The fourth proposition has now to be considered, namely, that abrupt 
change of form is a cause of weakness when vibratory action lias to bo 
endured. 

is already stated, this cause is the one that has been most rocognizod by 
those who have touched upon the question. 

The writer will not pretend to investigate what the value of this source 
of weakness is, as no means suggest themselves to his mind for doing ho ; 
it may, however, fairly be assumed that the times of vibration in the 
large section part of the bar will bo different from those in the small, and 
that at a point where the change of shape occurs there must be u discord in 
the ’snbrations, and that thus the mcM in this part must bo (\xposcd to 
strains which would not occur were the vibrations on the two sides thiH point 
synchronous. 

Propositions 2 and 3 have been dealt with as though tho incsroaaod strains 
brought upon the small sections by their neighbourhood to the large sections 
were uniformly distributed over the small sections, which have, for sim- 
plicity sake, been assumed to he composed of single springs, 

■But had these small sections been dealt with as being in thomnidvoa com- 
posed of several smaller springs, as was done in considering tlic cases of 
figs. 9 and 10, then it would have been found that tho outer parrs of those 
small sections were doing more than their share of tho inciH^asod work, and 
therefore the evils arising from increased section, which have been trrsated 
of in propositions 2 and 3, must bo multiplied by tho evils duo to tho abrupt 
change of form considered in proposition 1. 

The kind of fracture shown in end view in Plate 11 T. fig. 3 rr, nnmdy, a frac- 
ture which begins all round about the outside and gradually penetrates, is an 
abundant practical proof that not only are strains arising from impact in- 
creased on part of a small section by the neighbourhood of larger sections 
abruptly joining on to the smaller ones, but that the increase is borne in an 
undue proportion (as was shown in the case of quiescent weights) by the 
outer particles of tho small section at the part where they abruptly join m 
to the larger section. 

So far this paper has dealt with tho evil influence of sudden change of 
form when it is to be found in a suspended rod or in other positions" where 
the influences act in the direction of the length of tho object under consider- 
ation. In practice, the bolts which hold on armour-platang an 3 instances to. 
which the foregoing considerations are ap]dicahle, ns such bolts receive injM 
direction of their length tho quiescent strain, and also that arising 
impact of the recoil of the armour-plating after it has^bcem atek 

It may be well bo allude to the fact that Major Palldser 
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the difEculty of the fracturing that took place in the ordinary bolts imme- 
diately at the jupotion of the screw pai'ts with the shank, by diminishing 
the aroa of the shank, so as to be equal to that at the bottom of the thread, 
and has thus given in his armour-plate bolts a practical instance that the 
strength of parts may bo added to by reducing that of their larger neigh- 
bours. 

Besides the armour-plating bolts and other bolts, there are no doubt many 
cjises in which both quiescent strain and the strain of impact arc e^^erted in 
the direction of the length of the object ; but there are probably a still larger 
number of cases in which the strains are applied transversely, and among 
them arc the important instances of railway axles. 

It may be well therefore to glance briefly at the influences exercised by a 
sudden alteration of form when that alteration occurs in an object exposed 
to transverse strain. 


Let fig. 18 represent an elastic bar (A) of uniform section, placed on sup- 
ports B B, and subjected to the action of the quiescent load L, the result will 
be simply to deflect it as sketched. 

In this deflection the central parts may be assumed to be extended on 
the undoi'‘sido, and compressed on the upper, as represented by the con- 
verging space ahcch 

If, now, the depth of the bar be abruptly increased in the part that lies 
between these lines ahccl and the two ends, as shown in fig. 19, the result 
will be to aggravate the strains at the parts ah o cl in d. similar way to that 
which was pointed out in respect of a perpendicularly suspended bar under a 
quiescent loud. But if the bars have to resist impact, then a more serious 
difference, to the disadvantage of the bar with unequal sections, will bo 
found. It is well known that if one bar bo double the depth of another, the 
first bar will, under a quiescent load, deflect only one-eighth part of that 
which the second would deflect, the deflections being inversely as the cubes 
of the depths. 

With respect, however, to the resistance offered to the flexure of the bars 
under impact and not under quiescent loads, the writer believes it can bo 
shown that if there be two clastic imponderable bars alike in all respects 
except their depth, and if they be exposed within their elastic limits to the 
impact of equal forces, the result will bo that, if the one bar be taken as 
unity in depth and as deflecting unity under the force, the other bar, having 


a depth of n, will deflect according to the formula 



Applying this formula toHho case of a weight lot fall upon a bar which is 
double the depth of another, the deflection of this bar of double depth will 


or about *35 of that which it would have been if of the 


onlyl5oi^|, 

single depth ; but to produce this *35 of deflection, the strain on the whole 
Bociion of the bar of the double depth will be 2*828 times as groat as it would 
bo upon the bar of single depth. 

So that if the bars (figs. 18 and 19) be exposed to the impact of similar 
forces, the bar flg. 18 would deflect through a space of 2*828 with a strain 
jof *85 on the central parts, while before the bar fig. 19 could, so far as 
greater part of it (namely its enlarged ends) is concerned, be ^ deflected 
gl\ a space of one, there must bo put upon the middle section of it, 
one only in area, a strain of 2*828. As in the case the vertical 
jjtra strain would bo aggravated by the fact that it would not 
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be tmiformly distributed oyer the area of one, but would^ bo borne in a 
larg’er px’ojjortion by the outside particles, where they join the increased 

section. , ^ . 

It will not bo necessary to go into the reconsideration, in respect of trans- 
verse strains, of the effects of inertia and vibration, which have already been 
touched on when considering direct strains ; but it will bo sullicient to say 
that the strains brought upon railway axles are of a very sovero character, 
and that they are undoubtedly exaggerated by the largo dtfibrcnce of diinon- 
sions of the neighbouring parts, and that nothing hut the greatest circum- 
spection in the designing and manufacture of these parts can insure safety 
to railway passengers. 


On the Penetration of Armour-plates with long Shells of large capa- 
city fired obliquely. By Sir Joseph 'Whitworth, Bart,^ C.E.^ 
F.R,S,, LL.D,, B,C.L, 

At the Meeting of the British Association at Norwich, I contributed a paper to 
the Mechanical Section ‘‘ On the Proper Form of Projectiles for Penetration 
through Water.” This paper was illustrated by diagrams, showing the effect 
produced on an iron plate, immersed in a tank of water, by projectiles with 
ffat, hemisjpherical, and pointed heads. Copies of those diagrams are now 
before you. In that paper I claimed for the flat-pointed form of projectile, 
made of any metal, three points of superiority over the ogiyal-pointocl pro** 
jectiles adopted in the service : — (1) Its power of penetrating armour-plates, 
even when striking at extreme angles; (2) its large iiitomal capacity for 
bursting charges when constructed as a shell ; (»3) its capability of passing 
undeflected through water, and of penetrating iron armour below the water 
line. This latter feature was, I think, satisfactorily proved by the experiments 
described last year; and I desire to draw the attention of the Hoction to 
the experiments I have made for illustrating the pcnctiutive power of long 
projectiles with the flat front, flred at extreme angles against iron plates. 

These experiments are illustrated by the projectiles actually tired, and the 
plates they penetrated, which are laid on the table, and also by tht' diagrams 
before you. 

The gun from which the projectiles were fired is cfdlcd a 3-pouiulor, thougli 
capable of firing much heavier projectiles. It weighs 315 Ibn., and the ma,xi- 
mum diameter of its bore is 1*85 inch. The chgrgo of powder UHod, in all 
cases, was 10 ounces, and the weight of the 6-diamoter projectile is 6 lb>s. 

No. 1 is a portion of a plate 2 inches thick, penetrated by the (J-diutneler 
flat-fronted ]>rojectilo No, 1 at an angle of 35 dogrees. No. 2 is a similar 
piece of plate, 1-7 inch thick, completely traversed at an angle of 45 d{‘gA*e(!'8 
by the fiat-fronted projectile No. 2, which buried itself ton depth of 30 inches 
in a backing of iron borings. No. 3 is a piece of plate I'To inch thick, ]>onc- 
trated at an angle of 05 degrees by the flat-pointed projectile No. 3. No, 4 
is a plate 1-7 inch thick, nearly penetrated, at an angle of 45 degrees by the 
S|-diametcrs fiat-fronted projectile No. 4. No, 6 is a plate inch thick,, 
against which the ogxval-pointcd projectile No. 6 was fired at angle of 46 
degrees; the projeetfie failed to penetrate the plate, being deflected in eoM 
sequence of the pointed form of the head. The distortion of its shape jjjjjr 
the force with which it struck the plate, and proves the good quaHiM|^ 
material which could resist such a tost. No. 6 is a plate also 
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against which an ogival-pointed projectile, of the service proportions, yiz. 

diameters long, made of Pontypool white iron, has been fired : the pro- 
jectile has scooped out a furrow 4 inches long and seven-tenths of an inch 
deep ; it broke up into fragments, of which 48 wore recovered. ^ 

The plates Nos, 1 and 3 were purposely thicker than the projectiles could 

Whitworth” Piai-hcadod fSholls, G diameters long, containing large bursting charges. 
No, 1. No. 2. 




432 


kepoet — 1869 . 


claimed for the flat-fronted projectiles made of my metal, and satisfactorily 
-—(1) That the flat-fronted form is capable of piercing amoiir-pliites 
at extreme angles ; (2) that the quality of the material of the sheUa onabloa 


No. 6. 

Pointed Solid Shot, 
3 1 diams. 


]Vro. C. 

Pointed Solid Shot, 
diams. 



No. 5 Was made of “ Wiiitwortli” Metal j No. 6 of Pontypool White Iron. 


their length to be increased, without any risk of their breaking up on 
impact, and materially augments their bursting- charge as shells ; (3) that 
this increase in length, while adding to the efEcicncy of the proje<di]e as a 
shell, in no way diminishes, but, on the contrary, proportionally improves its 
penetrative power ; (4) that the amount of rotation 1 have adopted in my 
system of rifling is sutficient to ensure the long projectiles striking ‘‘end on,” 
and consequently to accumulate the whole effect of the mass on the reduced 
area of the flat front. 

These experiments show, further, that the ogival-pointed projectile has but 
small power of penetration when striking at an angle, solely on account of 
the form of the head ; a projectile of Whitworth ” meial, with the like 
ogival-pointed head, as a service projectile, having resisted the shock of impact 
without breaking up, but being deflected in precisely tho same manner as the 
pointed service projectile, which was shivered into fragments, The objtHdiotis 
I made in my paper last year to the ogival-pointed projectilo-— (1) that its 
form of head causes it to glance off from piano or convex surfaccH when 
hitting diagonally ; and (2) that the hrittlcnoss of it.s material renders it 
liable to break up on impact — I have now proved to the Section, The facts 
illustrated by these experiments are not of recent discovoiy , Ever sinco 1 858 
I have constantly been advocating the flat front, I have on tho table a small 
plate i inch thick, experimented tipon in 1862 with hardened stool bullets 
flred from my small-l3ore rifle. No. 39 is the hole made by a flat-fronted 
bullet, which has penetrated the plate at an angle of 45 degrees. No. 40 is 
the indent of ‘ a hemispherical-headed, and No. 41 of an ordinary round- 
nosed bullet, both fired at the ^ame angle of 45 degrees, These three rounds 
were fired in 1862. 

Within the last few days I have had an ogival-pointed shaped bullet fired 
f at the same plate at the same angle, in order to confirm tho effect witih thal^ 
produced, on a larger scale, on the plate No. 6. It is interesting to observe ho||H 
closely the results obtained with the small calibre of my rifle agree with^jji|P^ 
of the 3-pounder gun, which form the subject of this paper. Those exj|||||P^ 
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recorded in the paper were made with a gun of smaller calibre, from consi- 
derations of economy and convenience ; hut I have always found that what 
I could do with the smaller calibres of my system, could be reproduced in the 
larger sizes; and from my past cj^orience I feel warranted in asserting that 
the edoct of penetration now exhibited could be repeated on a proportionate 
sc'alc with my 9-inch guns at Shoeburyness, or with the 11-inch guns my 
firm are now engaged in constructing. 

A glanco at the formidable nature of the projectiles thrown by these guns, 
and a consideration of the effects they may he expected to produce, will show 
tho importance attaching to the question of penetration of plates by long 
projectiles. The 9-inch guns to which I have referred weigh 15 tons each, 
and are capable of firing powder charges of 50 lbs. A 9-inch armour shell, 

5 diameters long, weighs 535 lbs., and will contain a bursting-charge of 25 lbs. 

I have no hesitation in saying that these projectiles would pierce the side 
of a ship, plated with heavy armour, at a distance of 2000 yards, and at 
some depth below tho water-line. The 11-inch guns will weigh 27 tons, and 
will he capable of firing 90 lb. powder-charges. The 11-inch shells, 5 dia- 
meters long, will weigh 965 lbs,, and will contain bursting-charges of 45 lbs., 
and would pierce tho side of tho ship ‘ Hercules,^ plated with 9-inoh armour, 
at a distance of 2000 yards. 

Were it not that the increased destructiveness of war must tend to shorten 
its duration and diminish its frequency (thus saving human life) the inven- 
tion of such projectiles could hardly be justified ; but believing in the really 
pacific influences of tho most powerful moans of defence, I call these long 
projectiles tho anti-war shell. The principle I have always insisted upon, 
and laid down for my own guidance in artillery experiments (when either a 
low trajectory or penetration is required), is, that every gun should be in 
strength capable of withstanding the largest charge of powder that can he 
profitably consumed in its bore.” I have drawn up the accompanying Table 
of tho sizes of tho bores of my guns, with their proportionate powder-charges, 
and the guns will all ho fully equal to this duty, and I believe tho greatest 
possible effect from the consumption of a given quantity of powder will he 
obtained. But tho guns adopted in our naval service are not equal to such 
a tost ; nor, as I believe, are they so proportioned as to realize the best effect 
from tho quantity of powder they consume. 

Four guns of 12-inchos boro have lately been put onboard the ^ Monarch.’ 
They weigh 25 tons each, and charges of 50 lbs. and 67 lbs. have been fired 
from them with projectiles of GOO lbs. weight. I have no doubt that these 
gims have boon made with all possible care, and arc as strong as their mate- 
rial and construction admits ; hut if tho weight of those guns was in propor- 
tion to tho capacity of their boro, and if tho material were the best that our 
motallurgical skill could supply for such a purpose, they ought to fire 117 Ihs. 
of powder, and projectiles of 3 250 lbs. weight. They would then be efficient 
weapons ; but at present they arc more formidable in name than in reality. 

Wo are often flattered by being told that wo have the host guns in the 
world. That may or may not bo the ease. But I think that we should not 
host contented while wo aro still so far from having attained as much as our 
present advancement in mechanical and metallurgical science has rendered 
possible, for us. 
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Particulars of Ammunition for Whitworth Guns, from 5*5-in. to 13-in. bore. 


Calibre 
of bore. 

Powder 

charge. 

Common Shells, 
cast iron, 

3*5 diameters long. 

Armour Shells, Whitworth metal 

3*5 diameters long. 

5 diiimetors long. 

Bursting- 

charge. 

Weight of 
shell 

Bursting- 

charge. 

Weiglit of 
shell 

Burwling- 

eharge. 

Weight of 
shell. 

in. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lb». 

lbs. 

5*5 

11*0 

4*0 

70 

3*5 

84*0 

6*0 

120 

7 'o 

23*0 

8-s 

ISO 

7*5 

i8o*o 

12*0 

»55 

8*0 

34*0 

13*0 

220 

10*5 

265*0 

i8*o 

375 

9*0 

50*0 

i8*o 

320 

15*0 

380*0 

25*0 

S 35 

10‘0 

70*0 

24*0 

440 

21*0 


35*0 

740 

IVO 

90*0 

32*0 

580 

28*0 

680*0 

45*0 

965 

12*0 

117*0 

40*0 

750 

36*0 

886*0 

58*0 

1250 

13*0 

150*0 

51*0 

960 

47'4 

1045*0 

75*0 

1615 


Mr, Whitworth^s patent cartridge increases the range from 15 to 20 per cent* 


Report of the Committee on Standards of Electrical Resistance, 

[Plate VI.] 

The Committee consists of Professor Williamson, Professor Sir 0. Wheatstone, 
Professor Sir W. Thomson, Professor W. A. Miller, Pr. A. Matthiessen, 
Mr. Eleeming Jenkin, Sir Charles Bright, Professor Maxwell, Mr. C. 
W. Siemens, Mr. Balfour Stewart, Mr. C. E. Varley, Professor (^. C. 
Poster, Mr, Latimer Clark, Mr. D. Eorbes, Mr. Charles Hockin, and 
Pr. Joule. 


The Electrical Standard Committee have this year had comparatively few 
meetings, and the results of the experiments made by the individtial Mem- 
bers do not call for a Beport of any length. It is, however, thought desi- 
rable to print at once, as Appendices, the important results obi-ainod by 
Professor Clerk MaxwoH, in determining the ratio of tlio elootromagnetio 
and electrostatic series of units, and also a description of Sir Wm. Thom- 
son’s experiments on the same subject. 


description of Sir Wm, Thomson’s Experiments made for the DetermimiUm 
of T, the Number of Electrostatic Units in the Electromagnetic Unit, By 
W. E. Eixa. 


The two principal pieces of apparatus used in these experiments woro the 
\ absolute electrometer and the electrodynamometer. The former of these in- 
struments was described at the last Meeting of the Association, and a 
olj^^cription of it is printed in the Boport. The annexed I’late illustrates the 
agements described in what follows. 

and If ^lectrodynamometer consists of two large coUs of fine' copper wire, 
centiA of still finer wire. The two large coils are about 8^ 

the disk diameter, and are placed vertical, in planes parallel to one anot]^i| 
smaller ^oe between the large coils is 15 eentims. (equal to their radiusl^|flP 
n is suspended between the large coils by a copper 
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tliicknoss as to give the coil a time of vibration such that it completes a period 
in about thirteen seconds. The upper end of the suspending wire is attached 
to a milled head, and this head can be turned round by the fingers. The lower 
md of the wire is firmly fixed to the coil, and is in metallic connexion with 
one end of it. To the other end of the coil is soldered a spiral of very fine 
platinum wire which hangs directly below the coil, and its lower end is 
cemented to the dry woodwork of the instrument. To the fixed end of the 
spiral coil a copper wire is attached, ^vhose other end is soldered to a bind- 
ing-screw in an accessible position. 

. On one side of tho small or moveable coil is fixed a plane mirror, and in 
front of the mirror, at a distance of about 450 centims., the scale is fixed on 
which tho observations are read. A parafi&n-lamp wire, to give dark line in 
image of flame, and lens are used in the ordinary way for finding accurately 
the angle through which the coil turns. It is never greater than ‘05. Its 
true amount can bo determined to within per cent. 

Tho connexions are not very intricate, and are traced thus : — Starting 
from one pole of the battery (the battery used was sixty sawdust DanicFs 
in series), the .current goes in at one end of large coil No. 1, and from tho 
other end of No. 1 tho current goes to either end of the moveable coil, and 
the end of the moveable coil at which we suppose tho current to bo coming 
out is connected with the end of No. 2 large coil, similar to tho end of No, 1, 
to which the battery was first attached, that is to say, the end which will 
make the current go round in the same direction in both tho largo coils. 
When the current leaves tho extreme end of No. 2, it passes though a 10,000 
B.A. rosistanco-box ; the current is completed by connecting tho other end 
of the resistance-box with tho polo of tho battery not already engaged. 

Tho absolute elcotrometor is used in the ordinary way for measuring dif- 
ferences of potential, and its electrodes are connected, one to the end of the 
dynamometer coil No. 1, which is joined to tho battery, and the other elec- 
trode is fixed to tho end of the resistance-box, which is connected to the 
other polo of the battery. Thus tho greatest difference of potential in the 
arrangement is measured by the absolute electrometer, i^n electrometer 
key is used to reverse these connexions in the course of the experiments. 

. There is only one other part of the arrangement to bo explained, and that 
is tho method of observing tho resistance of the d}mamomctor coils while the 
ex])criments arc going on. This was done by moans of tho resistance-box iti 
the circuit and an electromotor. At one time tho standard electromotor was 
used for this purpose, but more lately tho quadrant, rendered unsensitivo,^ , 
wuK 0 TU])loyed, IJoth thoBc instrumouts arc doBcrihod in the last Keport, \ 

To take tho resistance of tho coils, tlio electrodos of tho electrometer were ^ 
first ])liicod on the extreme ends of tho throe coils, and tho difibronoe of po- 
tiuitial was ascertained. Tho electrodes wore then shifted to the ends of the 
rrsintuiice-box, and the difibrcnco of potentials of its two ends w^as found, 
This gives at once the resistance of the coils. 

There arc tw^o things which have to bo done before the experiments are 
oommencod. One is the determination of tho moment of inertia of tho 
moveable coil This is done at tho beginning and end of a long scries of 
oxperimonts, by comparing it with a ring whoso moment of inertia is knowm. 
The other is done every day, and it is finding the time of vibration of tho 
small coil after all tho connexions liave been made, and tho coil put into its 
l|||hico. This was done both with tho current from tho battery flowing 
^l^gh tho coils and with no current flowing ; but this variation was of 
consequence, as no difference could bo detected in the time. "When 
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the dynamoineter is set up, care is taken to neutralize the effects of the 
earth’s magnetism by a large number of magnets fixed at a great distance 
from the coils. If the adjustment of the magnets is perfect, there is no 
alteration of the position of the spot of light when the current is reversed 
through the coils by the battery-key. Up to the present time (May 1868) 
various causes have prevented the obtainment of as satisfactory results as the 
method described above allows us to expect. Eleven sets of experiments, 
made at various dates, from March 10 to May 8 of the present year, have in- 
dicated values for v, . of which the greatest was 292 x IQ**, the smallest 
275*4x10®, and the mean 282*5x10® centimetres per second. Sir W. 
Thomson intends to continue the investigation, hoping to attain much greater 
accuracy* 

[P.S. Hov. 1869. — A new form of absolute electrometer has now been 
completed and brought into use, with good promise as to accuracy and con- 
venience. A glass jar constituting the ‘‘ Leyden battery ” contains within it 
the “absolute electrometer ” proper, the “ idiostatic gauge,’’ and the “re- 
plenisher.” One observer can use it effectively ; although it is more easily 
worked by two, one maintaining constant potential in the Leyden jar by aid 
of the idiostatic gauge and the replenisher, and the other attending to the ab- 
solute electrometer (inain balance and micrometer screw). The main balance, 
giving electric weighing in known weights, is as steady and as easily used as 
any of the “ attracted disk ” electrometers, whether portable or stationary, 
described in previous Eeports.] 

Errata m Plate YI, 

For Dy Scale read Dynamometer Scale. 

„ Ideostatio read Idiostatic. 

Add a connexion between outside of Leyden battery and one terminal of the neighbouring 

Electrometer key. 


Experiments on the Value of v, the JRatio of the Electromagnetic to the Ehc^ 
trostatic Unit of Electricity, By Clerk Maxwell. 

The experiments consisted in observing the equilibrium between the elec- 
trostatic attraction of two disks, at a certain difference of potential, and the 
electromagnetic repulsion of two coils traversed by a certain current. Eor 
this purpose one of the disks, with one of the coils at its hack, was attached 
to one arm of a torsion-balance, while the other, with the other coil at its 
back, was capable of being moved to various distances from the suspended 
disk by a micrometer screw. Another coil, traversed by the same current 
in the opposite direction, was attached to the other arm of the torsion- 
balance, so as to do away with the effect of terrestrial magnetism. 

The fixed disk was larger than the suspended disk, and the latter, when 
in its zero position, had its surface in the same plane as that of a “guard- 
ring,” as in Sir W, Thomson’s electrometers. Its position and motion were 
observed hy means of a microseope, directed to a graduated glass scale, con- 
nected with the disk. When the microscope was adjusted so that the 
image of the zero line on the glass scale coincided with the cross wires of the 
microscope, the very smallest motion of the scale could be easily detected, 
so that the observations were very rapid. The disk was brought to zero hy 
the tangent screw at the top of the suspension-wire, and its equilibrium wa^r 
always observed at zero. The equilibrium, when the electrical forces 
applied, was always unstable. This electrical balance was made^"^ 



OK STANDARDS OT* ELECTRICAL RESISTANCE* 


437 


Becker. The experiments were made in the laboratory of Mr. Gassiot, who 
kindly gave the use of his great battery for the purpose. Mr. Willoughby 
Smith lent his resistancc-coUs, of 1,102,000 Ohms, Messrs. Forde and Floem- 
ing Jenkin lent a galvanometer, a resistance-box, a bridge and a key, and 
Mr. 0. Hockin undertook the observation of the galvanometer, and the test- 
ing of the galvanometer, the resistances, and the micrometer-screw. 

The difibrenco of potentials of the disks was compared with the current 
in the coils as follows ; — One electrode of the great battery was connected to the 
fixed disk, and the other to the case of the instrument and the guard-ring 
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A. Suspended disk and coil 
A^ Counterpoise disk and coil, 

C. Fixed disk and coil. 

Bi* Great batiorv. B«. Small battery. 

Gj. Primary coil of galvanometer. 

Gg, Secondary coil. 

E. Great resisianoe. S. Shunt. 

K. Double key* //. Graduated glass scale. 

One quarter of the micrometer box, disks, 
ease of the instrument is not shown. The 
©!6.‘tric balance. 


0. Kioctrode of lixed dwt:. 
a. Current through B. 
a\ Current through Current 

through S. 

y. Current through the three coils and Gj» 
M* Mercury cup. T. Torsion head and 
tangent screw. 

1 , and coils is cut away to show the interior. The 
galvanometer and shunts were 10 feet from the 


(I fho suspendwl flisk. They -were also connected through the groat re- 
00 E, and (ho primary coil of the galvanometer G shunted with a re- 
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A small Grove’s battery was employed to send a current through the three 
coils and the secondary coil of the galvanometer G^. 

Equilibrium of the electric balance was obtained by working the micro- 
meter, and so adjusting the distance of the disks. At the same time equili- 
brium of the galvanometer was obtained by altering the resistance of the 
shunt S. 

The simultaneous values of the micrometer and the shunt formed the result 
of each experiment. It was necessary also to ascertain the ratio of the rang- 
netie effects of the two coils of the galvanometer immediately after each sot 
qf experiments. 

The method of experimenting appeared capable of considerable accuracy ; 
but some diificulties arose from want of constancy in the batteries, from 
leakage of electricity, &c,, so that many of the experiments were known to 
be faulty. Twelve experiments, however, against which nothing could bo 
proved at the time of making them, in which the distance of the disks 
ranged from | to ^ an inch, and the power of the battery from 1000 to 
2600 cells, gave values of v of which the least was 28*4, and the greatest 
29*4 Ohms; and in nine of these the values lay betwpen 2S*6S and 28*91. 
The mean of the 12 was — 

V = 28*798 Ohms. 

=; 288,000,000 metres per second, 

== 179,000 statute miles per second. 

This result is much lower than that of MM. Weber and TCohlraiisch, 
which was ^=810,740,000 metres per second, but agrees, I hcliev(^ more 
nearly with values recently obtained by Sir W. Thomson, whoso method, as 
well as mine, depends oi/the B.A. unit. Weber's method depends on the 
measure of capacity. It is to be hoped that this important physical quan- 
tity may soon be determined by methods founded on capacity, and (lis<im- 
barrassed from ibe phenomena of electric absorption,” which occurs in all 
solid condensers, and which would tend to give too high values of v* 
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